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* — (57) Abstract: The present invention relates to the characterization of the porcine adenovirus El and E4 regions. The complete 
2 nucleotide sequence of the genome of porcine adenovirus type 3 (PAV-3), providing the characterization of the PAV3 El and E4 
region, is described herein. Methods for construction of infectious PAV genomes by homologous recombination in procaryotic cells 
Q are provided. Recombinant PAV viruses are obtained by transfection of mammalian cells with recombinant PAV genomes. The 
^ PAV-3 genome can be used as a vector for the expression of heterologous nucleotide sequences, for example, for the preparation and 
^ administration of subunit vaccines to swine or other mammals. 
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PORCINE ADENOVIRUS El AND E4 REGIONS 



CROSS-REFERENCED TO RELATED APPLICATIONS 
This is a continuation-in-part application of U.S. Patent Application Serial No. 
5 09/963,038, filed September 24, 2001, which is incorporated by reference herein in its 
entirety. 

TECHNICAL FIELD 
The present invention is in the field of recombinant mammalian viral vectors. 
1 0 More particularly, it concerns recombinant porcine adenovirus vectors for diagnostic 
and therapeutic purposes, such as for vaccines, gene delivery and expression systems. 

BACKGROUND 

Adenoviruses are double-stranded DNA viruses that have been isolated from a 
15 wide variety of avian and mammalian species, including swine. Porcine adenoviruses 
(PAV) belong to the Mastadenovirus genus of Adenoviridde family. Of the five 
serotypes identified till date (Derbyshire et al, 1975, J. Comp. Pathol 85:437-443; 
Hirahara et al., 1990, Japanese,/ VetSci. 52:407-409), serotype 3 (PAV-3) could 
propagate to high titers in cell culture. While the majority of adenovirus infections in 
20 swine are subclinical, porcine adenovirus (PAV) infection has been associated with 

encephalitis, pneumonia, kidney lesions and diarrhea. Derbyshire (1992) In: "Diseases 
of Swine" (ed. Leman et al), 7th edition, Iowa State University Press, Ames, IA. pp. 
225-227. Thus, there is a need for vaccines that will provide protection against PAV 
infection. 

25 In addition to their potential ability to provide protection against PAV infection, 

PAVs could also be used as viral vaccine vectors, if insertion capacity can be 
determined, and appropriate insertion sites can be defined and characterized. It has 
been shown that PAV is capable of stimulating both humoral response and a mucosal 
antibody responses in the intestine of infected piglets. Tuboly et al (1 993) Res. in Vet. 

30 Set 54:345-350. Thus, recombinant PAV vaccine vectors would be especially useful, 
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as they would be likely to be capable of providing both systemic and mucosal immunity 
to antigens encoded by native and/or recombinant PAV genomes. 

Cross-neutralization studies have indicated the existence of at least five 
serotypes of PAV. Derbyshire et al (1975)/. Comp. Pathol 85:437-443; andHirahara 
5 et al (1990) Jpn. J. Vet. Sci. 52:407-409. Previous studies of the PAV genome have 
included the determination of restriction maps for PAV Type 3 (PAV-3) and cloning of 
restriction fragments representing the complete genome of PAV-3. Reddy et al (1993) 
Intervirology 36: 161-168. In addition, restriction maps for PAV-1 and PAV-2 have 
been determined. Reddy etal (\995b)Arch Virol 140:195-200. 

10 Nucleotide sequences have been determined for segments of the genome of 

various PAV serotypes. The transcription map and complete DNA sequence of PAV-3 
genome was reported (Reddy et al, 1998, Virus Res, 58:97-106 and Reddy et al, 1998, 
Virology 25 1 :414-426). Sequences of the E3, pVm and fiber genes of PAV-3 were 
determined by Reddy et al (1995a) Virus Res. 36:97-106. The E3, pVIII and fiber 

15 genes of PAV-1 and PAV-2 were sequenced by Reddy et al (1996) Virus Res. 43:99- 
109; while the PAV-4 E3, pVIII and fiber gene sequences were determined by 
Kleiboeker (1994) Virus Res. 31:17-25. The PAV-4 fiber gene sequence was 
determined by Kleiboeker (19956) Virus Res. 39:299-309. Inverted terminal repeat 
(ITR) sequences for all five PAV serotypes (PAV-1 through PAV-5) were determined 

20 by Reddy et al (1995c) Virology 212:237-239. The PAV-3 penton sequence was 
determined by McCoy et al (\996a)Arch. Virol 141:1367-1375. The nucleotide 
sequence of the El region of PAV-4 was determined by Kleiboeker (1995a) Virus Res. 
36:259-268. The sequence of the protease (23K) gene of PAV-3 was determined by 
McCoy et al (19966) DNA Seq. 6:251-254. The sequence of the PAV-3 hexon gene 

25 (and the 14 N-terminal codons of the 23K protease gene) has been deposited in the 
GenBank database under accession No. U34592. The unpublished sequence of the 
PAV-3 100K gene has been deposited in the GenBank database under accession No. 
U82628. The sequence of the PAV-3 E4 region has been determined by Reddy et al 
(1997) Virus Genes 15:87-90. 

30 Adenoviruses have proven to be effective vectors for the delivery and 

expression of foreign genes in a number of specific applications, and have a number of 
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advantages as potential gene transfer and vaccine vectors. See Gerard et al (1 993) 
Trends Cardiovasc. Med 3:171-177; Imler et al. (1995) Hum. Gene Ther. 6:71 1-721. 
The ability of these vectors to mediate the efficient expression of candidate therapeutic 
or vaccine genes in a variety of cell types, including post mitotic cells, is considered an 
5 advantage over other gene transfer vectors. Adenoviral vectors are divided into helper- 
independent and helper-dependent groups based on the region of the adenoviral genome 
used for the insertion of transgenes. Helper-dependent vectors are usually made by 
deletion of El sequences and substitution of foreign DNA, and are produced in 
complementing human cell lines that constitutively express El proteins. Graham et al 

10 (1977) J. Gen. Virol 36:59-74; Fallaux et al (1996) Hum. Gene Ther. 7:215-222; 
Fallaux et al (1998) Hum. Gene Ther. 9: 1909-1917. However, porcine adenoviruses 
do not replicate in human cell lines; hence these lines are unsuitable for the propagation 
of El-deleted PAV vectors. E1A region is described in Darbyshire (1966, Nature 
21 1:102) and Whyte et al, 1988, J. Virol 62:257-265. 

1 5 Though El -deleted viruses do not replicate in cells that do not express El 

proteins, the viruses can express foreign proteins in these cells, provided the genes are 
placed under the control of a constitutive promoter. Xiang et al (1996) Virology 
219:220-227. Vaccination of animals with adenovirus recombinants containing inserts 
in the El region induced a systemic immune response and provided protection against 

20 subsequent challenge. Imler et al (1995) Hum.Gene Ther. 6:71 1-721; Imler et al 
(1996) Gene Therap 3:75-84.. This type of expression vector provides a significant 
safety profile to the vaccine as it eliminates the potential for dissemination of the vector 
within the vaccine and therefore, the spread of the vector to non-vaccinated contacts or 
to the general environment. However, the currently used human adenovirus (HAV) 

25 based vectors are endemic in most populations, which provides an opportunity for 
recombination between the helper-dependent viral vectors and wild type viruses. To 
circumvent some of the problems associated with the use of human adenoviruses, non 
human adenoviruses have been explored as possible expression vectors. 

Use of vectors containing an intact El region for gene therapy in humans and 

30 vaccination in animals is unsafe because they have the ability to replicate in normal 
cells and spread to other animals, and they retain any oncogenic potential of the El 
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region. WO 99/53047 disclose the use of PAV vectors deleted in their El region. See 
Klonjkowski et al (1997) Hum. Gene Ther. 8:2103-21 15 which discloses El deleted 
canine adenovirus 2. 

There remains a need for improved adenoviral vectors for expression of 
transgenes in mammalian cells, and for the development of effective recombinant PAV 
vectors for use in immunization and expression systems. 



The present invention relates to the characterization of the porcine adenovirus 
El and E4 regions. The present invention discloses the complete nucleotide sequence 
of the genome of porcine adenovirus type 3 (PAV-3) and provides the characterization 
of the PAV3 El region, including El A, ElB sma ", ElB ,argc and E4 region ORF1-ORF7. 
As shown herein, El A, ElB ,arge and E4 ORF3 are essential for replication of PAV3. 
Nucleic acid sequences that are substantially homologous to those comprising a PAV 
genome are also encompassed by the invention. Substantially homologous sequences 
include those capable of duplex and/or triplex formation with a nucleic acid comprising 
all or part of a PAV genome (or with its complement). As is known to those of skill in 
the art, duplex formation is influenced by hybridization conditions, particularly 
hybridization stringency. Factors affecting hybridization stringency are well-known to 
those of skill in the art. See, for example, Sambrook et al. (1989) Molecular Cloning: A 
Laboratory Manual; Hames et al. 1985) Nucleic Acid Hybridisation: A Practical 
Approach, IRL Press Ltd., Oxford Accordingly, it is within the skill of the art to 
identify a sequence that is substantially homologous to a sequence from a PAV genome. 

In particular, the present invention provides a replication-defective recombinant 
PAV vector, comprising at least one heterologous nucleotide sequence, wherein the 
PAV vector lacks El A and/or ElB large function and retains ElB sma11 function. In some 
embodiments, the vector comprises a deletion of part or all of the El A and/or ElB !arge 
gene region. In other embodiments, the vector comprises an insertion in the El A and/or 
g Igiarge gene reg j on ^ i nac tj V ates the El A and/or ElB largc region function. In some 
embodiments, the vector further comprises a deletion of part or all of the E3 region, or 
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other essential or non-essential regions of the adenovirus. In additional embodiments, 
thePAV is PAV3. 

In yet other embodiments, the present invention provides a replication-defective 
recombinant PAV vector that comprises a deletion in the El region that consists of a 
5 deletion of the El A and/or ElB Iargc region. In yet other embodiments, the present 
invention provides a replication-defective recombinant PAV vector that comprises an 
insertion in the El region that consists of an insertion in the El A and/or ElB ,argc region 
that inactivates El A and/or ElB ,argc region function. 

The present invention also provides a replication-defective recombinant PAV 
1 0 vector comprising at least one heterologous nucleotide sequence, wherein the PAV 

vector lacks El A function and ElB 51 " 3 " function and retains ElB larec function. In some 
embodiments, the vector comprises a deletion of part or all of the El A and ElB sma11 
regions. In other embodiments, the vector comprises an insertion that inactivates the 
El A or ElB 5 " 1311 gene region function. In further embodiments, the vector has a deletion 
1 5 of part or all of the E3 region, and/or part or all of non-essential E4 region and/or or 
other non-essential regions of the adenovirus. 

In further embodiments, the present invention provides a PAV vector 
comprising at least one heterologous nucleotide sequence, wherein said vector lacks 
ElB sma11 function and retains El A and ElB ,arge function. In some embodiments, the 
20 vector comprises a deletion of part or all of the ElB smal1 region. In further 

embodiments, the vector comprises a deletion in the E3 region or other non-essential 
regions. In additional embodiments, the PAV is PAV3. 

In other embodiments, the present invention provides a replication-defective 
PAV vector that lacks E4 ORF3 function. In some examples, the vector comprises a 
25 deletion of part or all of the E4 ORF3 region. In some examples, the vector comprises 
an insertion in the E4 ORF3 region that inactivates E4 ORF3. 

In further embodiments, the heterologous nucleotide sequence encodes a 
therapeutic polypeptide. In yet further embodiments, the heterologous polypeptide 
sequence encodes an antigen. In yet further embodiments, the therapeutic polypeptide 
30 is selected from the group consisting of coagulation factors, growth hormones, 

cytokines, lymphokines, tumor-suppressing polypeptides, cell receptors, ligands for cell 
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receptors, protease inhibitors, antibodies, toxins, immunotoxins, dystrophins, cystic 
fibrosis transmembrane conductance regulator (CFTR), immunogenic polypeptides and 
vaccine antigens. 

The present invention also provides host cells infected with a recombinant PAV 
5 vector of the present invention. The present invention also provides methods for 

producing a recombinant PAVs that comprises introducing a PAV vector that lacks El A 
function and/or ElB Iargc function and retains ElB smajl function into a helper cell line that 
expresses El A function and/or ElB large function and recovering virus from the infected 
cells. In one embodiment, the present invention comprises introducing a PAV vector 

10 that lacks El A function, and retains ElB sman and ElB ,arge function, into a helper cell line 
that expresses El A function. In some embodiments, the helper cell line expresses 
human El A function. 

The present invention also provides recombinant mammalian cell lines that 
comprise nucleic acid encoding mammalian adenovirus El A function and lack nucleic 

1 5 acid encoding mammalian adenovirus El B sma11 function. In some embodiments, the 

El A function is human El A function. The present invention also provides recombinant 
mammalian cell lines that comprise nucleic acid encoding mammalian adenovirus 
ElB lai8C function and lack nucleic acid encoding mammalian adenovirus ElB smal1 
function. In some embodiments, the ElB larse function is human ElB ,argc function. In 

20 other embodiments, the helper cell line expresses porcine ElB largc function. In some 
embodiments, the cell line is of porcine origin. The present invention also provides 
methods for producing a recombinant PAV that lacks El A and retains ElB sma " function. 
The present invention also provides recombinant mammalian cell lines that comprise 
nucleic acid encoding porcine E4 ORF3 function. 

25 In some embodiments, the present invention provides a method comprising 

introducing, into an appropriate helper cell line , a porcine adenovirus vector 
comprising ITR sequences, PAV packaging sequences, and at least one heterologous 
nucleotide sequence, wherein said vector lacks El A and/or ElB ,arge function and retains 
ElB sma " function; culturing the cell line under conditions whereby adenovirus virus 

30 replication and packaging occurs; and recovering the adenovirus from the infected cells. 
In some embodiments, the PAV is PAV3. The present invention also provides methods 
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for producing a recombinant PAV that lacks ElB smal1 function and retains El A and/or 
El B ,iUBe function. 

The present invention provides viral particles comprising a PAV vector of the 
present invention. The present invention also provides host cells comprising a PAV 
5 vector of the present invention. In additional embodiments, the invention provides 
compositions that are able to elicit an immune response or able to provide immunity to 
PAV infection, through expression of antigenic PAV polypeptides. The invention also 
provides vectors comprising PAV genome sequences, including sequences encoding 
various PAV genes as well as PAV regulatory sequences, which are useful for 
1 0 controlling the expression of heterologous genes inserted into PAV vectors. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figures 1-1 through 1-10 show the complete nucleotide sequence of the PAV-3 
genome (SEQ ID NO: 1). 

1 5 Figure 2 shows the transcriptional map of the PAV-3 genome derived from 

alignment of the sequences of cDNA clones with the genomic sequence, and nuclease 
protection mapping of viral transcripts. The PAV-3 genome is represented by the thick 
horizontal line, with the numbers below the line representing PAV-3 map units (i.e. y 
percentage of genome length from the left end). Rightward-reading transcription units 

20 are depicted above the line and leftward-reading transcription units are shown below the 
line. 

Figures 3A-3B show immunoprecipitation of El A and E1B proteins from 
various cell lines. In Figure 3 A, proteins in cell lysates were separated by gel 
electrophoresis, and analyzed by immunoblotting using the DPI 1 monoclonal antibody, 

25 which recognizes the human adenovirus El A protein. Lane 1 : 293 cells (human cells 
transformed by HAV-5, which express adenovirus El A and E1B); Lane 2; Fetal 
porcine retinal cells; Lane 3: VIDO Rl cells; Lane 4: 293 cells. In Figure 3B, proteins 
in cell lysates were separated by gel electrophoresis, and analyzed by immunoblotting 
using the DP 17 monoclonal antibody, which recognizes the human adenovirus E1B 

30 protein. Lane 1: human 293 cells; Lane 2: Fetal porcine retinal cells; Lane 3: VIDO 
Rl cells; Lane 4: 293 cells. 
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Figure 4 shows a map of the plasmid pPAV-101 . 

Figure 5 shows a map of the plasmid pPAV-102. 

Figure 6 shows a map of the plasmid pPAV-300. 

Figure 7 shows proteins labeled after infection of VIDO Rl cells with a 
5 recombinant PAV containing the PRV gp50 gene inserted in the E3 region. Labeled 
proteins were separated by gel electrophoresis; an autoradiogram of the gel is shown. 
Lane 1 : Molecular weight markers of 30K, 46K, 69K and 96K, in order of increasing 
molecular weight. Lane 2: Mock-infected cells, 12 hours post-infection. Lane 3: PAV- 
3-infected cells, 12 hours post-infection. Lane 4: cells infected with a recombinant 
10 PAV containing the PRV gp50 gene, 12 hours post-infection. Lane 5: cells infected 
with a recombinant PAV containing the PRV gp50 gene, 16 hours post-infection. Lane 
6: cells infected with a recombinant PAV containing the PRV gp50 gene, 24 hours post- 
infection. 

Figure 8 provides a schematic diagram of the construction of an El - and E3- 
1 5 deleted PAV vector with a green fluorescent protein gene insertion. 

Figures 9A-9F provide a schematic representation of strategies used for 
generation of porcine genomic DNA in plasmids. (Figure A) plasmid pPAVXhoIRL; 
(Figure B) plasmid pFPAV21 1 ; (Figure C) plasmid pFPAV212; (Figure D) plasmid 
pFPAV507; (Figure E) plasmid pFPAV214; (Figure F) plasmid pFPAV216. ITR (filled 
20 box); The origin of DNA sequences is as follows: BAV-3 genome (open box); AmpR 
gene (arrow); plasmid DNA (broken line). The plasmid maps are not drawn to scale. 

Figure 10 shows the immunoprecipitation of proteins synthesized by in vitro 
transcription and translation of plasmids. [ 35 S]-methionine labeled in vitro transcribed 
and translated pSP64-PEl A (lanes 7,9), pSP64-PElBs (lanes 4,6), pSP64-PElBl (lanes 
25 1 ,3) and pSP64polyA (lanes 2,5,8) products before (lanes 3,6,9) and after 

immunoprecipitation with anti-El A (lanes 8,9), anti-ElB smaI1 (lanes 5,6) and anti- 
El B large Q mes 2,3) were separated on 10% SDS-PAGE gels under reducing conditions. 
The positions of the molecular weight markers are shown to the left of the panel. 

Figure 1 1 shows the in vivo immunoprecipitation of El proteins. Proteins from 
30 the lysates of [ 35 S] methionine-cysteine labeled mock (lane 3) or PAV3 infected (lane 1, 
6 h post infection; lane 2, 24 h post infection) VIDO Rl cells were immunoprecipitated 
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with anti-El A serum (panel A), anti-ElB smal1 serum (panel B), anti-ElB ,ar8e serum 
(panel C) and separated on 10% SDS-PAGE under reducing conditions. The positions 
of the molecular weight markers are indicated to the left of each panel. 

Figures 12A-12C provide the restriction enzyme analysis of recombinant PAV-3 
5 genome. (Figure A)The viral DNAs were extracted from VIDO Rl cells infected with 
PAV21 1 (lane 1), PAV212 (lane 2) or wild-type PAV-3 (lane 3) and digested with Spel. 
Sizes of marker (M) are shown in basepairs. (Figure B) The viral DNAs were extracted 
from VIDO Rl cells infected with PAV214 (lane 1) or wild-type PAV-3 (lane 2) and 
digested with Nhel. Sizes of marker (M) are shown in base pairs. (Figure C) The viral 

10 DNAs were extracted from VIDO Rl cells infected with PAV2 1 6 (lane 2) or wild-type 
PAV-3 (lane 1) and digested with Asel. Sizes of marker (M) are shown in base pairs. 

Figure 13 shows Western blot analysis of PAV-3 protein expression in mutant 
infected cells. Proteins from wild-type PAV3 (lane 3), PAV21 1 (lane 2), or PAV212 
(lane 1) infected ST cells were separated by 12.5% SDS-PAGE under reducing 

15 conditions and transferred to nitrocellulose. The separated proteins were probed in 
Western blots by anti-El A (panel C), anti-El B sma11 (panel A) or anti-DBP (panel B). 
The positions of the molecular weight markers are shown to the left of each panel. 

Figure 14 shows Western Blot analysis of GFP expression. Proteins from 
purified GFP (lane 2) or mock (lane 1), wild-type PAV-3 (lane 3) and PAV216 (lane 4 

20 and 5) infected VIDO Rl cells harvested at 24 h.p.i (lane 3, 4) and 48 h.p.i. (lane 5) 
were separated by 10% SDS-PAGE under reducing conditions and transferred to 
nitrocellulose. The separated proteins were probed Western blots by anti-GFP 
polyclonal antibody. 

Figures 15A-15B shows Virus titers of recombinant and wild-type PAV-3. 

25 Near-confluent monolayers of VIDO Rl (Figure A) or Swine Testicular (ST) (Figure B) 
cells were infected with recombinant or wild-type PAV-3. At different time points post 
infection, the cell pellets were freeze-thawed and virus was titrated on VIDO Rl cells as 
described in the text. 

Figures 16 A- 16B. Fig. 16A shows a map of the plasmid used for stable 

30 transfection of the VIDO-R1 cell line. The plasmid contains the human CMV 

promoter, the internal ribosomal entry site (IRES), hygromycin B phosphotransferase 

i 
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gene and the gene for PAdV-3 ElB-large protein. Fig. 16B shows the total genomic 
DNA extracted from hygromycin-resistant cell clones was digested with Hindlll and 
hybridized with the labelled 1.9 kb- Hindlll fragment of pIREShyElBL DNA 
containing the ElB-large gene. 
5 Figure 1 7 shows Product of RT-PCR using DNase-treated RNA isolated from 

hygromycin-resistant cell clones (lane 3 to 9) and using PAdV-3 ElB-large specific 
primers. RT-PCR was run with (+) or without (-) reverse transcriptase. C- is a PCR on 
pIREShyElBL DNA template. 

Figures 1 8 A- 1 8B show immunofluorescence of VR1 BL cells. 

10 Immunofluorescence analysis was carried out using rabbit polyclonal antisera against 
PAdV-3 ElB-large protein. The parent VIDO-R1 cell line is negative Fig. 1 8A. New 
VR1BL cell line is positive for PAdV-3 ElB-large protein expression Fig. 1 8B. 

Figures 19A-19B. Fig. 19 A shows a schematic representation of viral DNA. 
The origin of DNA sequences is as follows: PAdV-3 genome (open box); ITR (filled 

1 5 box); thin lines show the deletions in the E3 and El regions; GFP-expressing cassette, 
containing human CMV promoter, GFP gene, BGH polyA signal (hatched box). Arrow 
indicates the direction of the transcription of the GFP gene. Fig. 19 B shows a 
restriction enzyme analysis of viral DNA. Recombinant viruses were rescued after 
transfection VR1BL cells with the full-length viral genomic DNA, cloned in plasmids. 

20 The viral DNAs were extracted from VR1 BL cells infected with PAdV-3 (lane 1 ), 
PAV227 (lane 2), PAV219 (lane 3) digested with SpeL Lane M is lkb+ marker. 

Figures 20 A-20C. Fig. 20A shows GFP expression in PAV219 infected ST 
cells. To detect GFP expression by PAV219, ST (swine testis) cells were infected with 
m.o.i. 1 TCID50/cell Fig. 20B and 100 TCID50/cell Fig. 20C. 24 h.p.i. the cells were 

25 harvested and analyzed by FACS. Fig. 20A show mock-infected ST cells. 

Figure 21 shows transduction of human cell lines. Human cell lines were 
infected with PAV219 at m.o.i. 100 TCID50/cell. 24 h.p.i. the cells were harvested and 
GFP expression was analyzed by FACS. Tested human cell lines: A549 lung 
carcinoma; 293 embryo kidney; HeLa cervix carcinoma; Hep2 larynx carcinoma; SK- 

30 N-MC neuroblastoma; Ul 18-MG glioblastoma; MRC-5 lung fibroblasts; SAOS-2 

10 
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osteosarcoma; K562 myelogenous leukemia; Raji Burkitt's lymphoma. ST is a fetal 
porcine testis cell line. 

Figures 22A-22C show full-length plasmids with E4 deletions. Fig. 22A is the 
genomic map unit of PAV3. Fig. 22B shows the locations of the E4 TATA box, Poly A 
region and the seven putative open reading frames (ORFs). Fig.22C shows the full- 
length clones with deletions of different ORFs. 

Figure 23 shows the restriction enzyme analysis of the mutant viruses. ST cells 
were infected with mutant viruses and PAV3, and viral genomic DNAs were extracted 
from the infected cells. All the viral genomic DNAs were digested with Avrll, all the 
expected DNA fragment sizes generated upon digestion are shown below each of the 
mutant viruses. Molecular size markers of 1 kb + are indicated. 

Figure 24 shows the PCR analysis of mutant viruses. The PCR-amplified 
products from three different sets of primers flanking the corresponding E4 deletions 
are shown. The expected sizes of amplified products generated by PCRrom PAV3 and 
mutant viruses are also shown at the bottom. Molecular size markers of 1 kb + are 
indicated. 

Figure 25 shows the growth kinetics of PAV3 E4 mutant viruses. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention provides the complete nucleotide sequence and 
transcriptional map of the porcine adenovirus type 3 (P AV-3) genome and the 
characterization of the El region and E4 region of PAV3. In particular, the inventors 
have discovered that El A and ElB largc regions are essential for virus replication and 
gasman j s non . essen tial for virus replication. The inventors have discovered that E4 
ORF 3 is essential for replication and E4 ORF1, ORF2, ORF4, ORFS, ORF6 and ORF7 
are non-essential for replication. The PAV3 nucleotide sequence comprises a linear, 
double-stranded DNA molecule of about 34,094 base pairs, as shown in Figure 1 (SEQ 
ID NO: 1). Previously-determined partial sequences can be aligned with the complete 
genomic sequence as shown in Table 1. 
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Table L Alignment of published PAV-3 sequences 



GenBank 
Accession No. 


PAV Gene(s) included 
within sequence 


Reference 


Genome 
coordinates 


T 43077 


ITR 


Reddvetal.. 1995c 


1-144 






McCovetal 1996a 


13556-15283 


TTC45Q9 


UfcAUll, IN *LCiIIllIld.l 


nrmiiHli<;lipH 


19036-218% 




14codons of23K 








(protease) gene 






U33016 


protease (23K) 


McCoy etal., 19966 


21897-22676 


U82628 


100K 


unpublished 


24056-26572 


U10433 


E3, pVHI, fiber 


Reddyet al., 1995a 


27089-31148 


L43363 


E4 


Reddy etal., 1997 


31064-34094 



Knowledge of the PAV genome sequence is useful for both therapeutic and 
diagnostic procedures. Regions suitable for insertion and regulated expression of 
heterologous sequences have been identified. These regions include, but are not limited 
to the El region including El A, ElB sma " and ElB largc , E3 and E4 regions, including E4 
ORF 1-ORF7 regions, and the region between the E4 region and the right end of the 
genome. A heterologous nucleotide sequence, with respect to the PAV vectors of the 
invention, is one which is not normally associated with PAV sequences as part of the 
PAV genome. Heterologous nucleotide sequences include synthetic sequences. 
Regions encoding immunogenic PAV polypeptides, for use in immunodiagnostic 
procedures, have also been identified and are disclosed herein. These include the 
regions encoding the following PAV proteins: El A, ElB smaJI and ElB ,arsc , E4, including 
ORF1-ORF7 regions, pDC, DBP, pTP, pol, IVa2, 52K, IIIA, pill, pVII, pV, pX, pVI, 
33K, pVIII, hexon and fiber (see Table 2). Regions essential for viral replication, such 
as El regions El A and ElB large , E2A, and E4 ORF3 can be deleted to provide 
attenuated strains for use as vaccines. Nonessential regions, such as ElB 51 "^ 1 and parts 
of the E3 and E4 regions, such as for example E4 ORF1-ORF2 and E4 ORF 4-ORF7 
can be deleted to provide insertion sites, or to provide additional capacity for insertion 
at a site other than the deleted region. Deletions of viral sequences can be obtained by 
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any method known in the art, including but not limited to restriction enzyme digestion 
and ligation, oligonucleotide-mediated deletion mutagenesis, and the like. 

The practice of the present invention employs, unless otherwise indicated, 
conventional microbiology, immunology, virology, molecular biology, and recombinant 
5 DNA techniques which are within the skill of the art. These techniques are fully 

explained in the literature. See, e.g., Maniatis et al., Molecular Cloning: A Laboratory 
Manual (1982); DNA Cloning: A Practical Approach, vols. I & II (D. Glover, ed.); 
Oligonucleotide Synthesis (N. Gait, ed. (1984)); Nucleic Acid Hybridization (B. Hames 
& S. Higgins, eds. (1985)); Transcription and Translation (B. Hames & S. Higgins, 
10 eds. (1984)); Animal Cell Culture (R. Freshney, ed. (1986)); Perbal, A Practical Guide 
to Molecular Cloning (1 984); Ausubel, et al, Current Protocols In Molecular Biology, 
John Wiley & Sons (1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996); 
and Sambrook et al, Molecular Cloning: A Laboratory Manual (2 nd Edition); vols. I, II 
& III (1989). 

1 5 For general information related to mammalian adenovirus see "Fundamental 

Virology", second edition, 1991, ed. B. N. Fields, Raven Press, New York, pages 771- 
813; and "Fields Virology", third edition, 1995, ed. B.N. Fields, vol. 2, pages 21 1 1- 
2172. 

Nucleotide Sequence, Genome Organization, and Transcription Map of 
20 Porcine Adenovirus Type 3 (PAV-3). 

The complete nucleotide sequence of PAV-3 genome is 34,094 base pairs (bp) 
in length and has a base composition of 31.3% G, 32.5% C, 18.3% A, and 17.9% T. 
Thus, the sequence of the PAV-3 genome has a G+C content of 63.8%, which is 
unusually high when compared with the G+C content of many other animal 

25 adenoviruses. The genome termini share inverted terminal repeats (ITR) of 144 bp. 
Reddy et al, 1995c, supra. The organization of the genome as determined by analysis 
of open reading frames (ORFs), nuclease protection mapping, and sequencing of cDNA 
clones, is summarized in Table 2 and Figure 2. The present invention relates to the 
characterization of the PAV El region. For PAV3, the El A region is from nucleotide 

30 533 to nucleotide 1222 of Figure 1, the ElB sma " region is from nucleotide 1461 to 
nucleotide 2069 of Figure 1 and the ElB largc region is from nucleotide 1829 to 
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nucleotide 3253 of Figure 1. ElB smaU and ElB larse nucleotide regions are overlapping 
and are differentially transcribed. Depending upon the intended use of the PAV vector, 
PAV constructs can be made comprising a deletion of part or all of the ElB smal1 region. 
For example, if the entire E1B function is intended to be deleted, the entire E1B 
5 nucleotide region from nucleotides 1461 to 3253 can be deleted; or the region from 
nucleotides 1461 to 2069 can be deleted (which disrupts both ElB sma " and ElB ,argc 
function); or the region from 1461 to 2069 and additionally, any portion of nucleotides 
2069 through 3253 can be deleted. If it is intended to delete ElB 5 " 1311 nucleotides while 
retaining ElB laf ^ function, nucleotides 1461 to 1829 are deleted, leaving the nucleotide 
10 region for ElB large intact. 

The present invention also relates to the characterization of the E4 regions. As 

i 

shown herein in the examples, E4 ORF3 is essential for replication. Table 5 in the 
examples provides nucleotide ranges for the E4 ORF regions. 

One important feature of PAV-3 genome is the presence of a short virion 

15 associated (VA) RNA gene between the splice acceptor sites of the precursor terminal 
protein (pTP) and 52 kDa protein genes (Figure 2). Expression of VA genes increases 
the kinetics of viral replication; thereby providing the potential for higher yields of 
recombinant gene products using the PAV vectors of the invention. The locations of 
the signature sequences present upstream and downstream of VA RNA genes indicate 

20 the VA RNA gene of PAV-3 is about 126 nucleotides (nt) in length. This is somewhat 
shorter than most VA RNAs, whose lengths are 163 ± 14 nts, however shorter VA 
RNAs have also been reported in HAV-10 and CELO virus. Ma et al (1996) J. Virol 
70:5083-5099; and Chiocca et al (1996) J, Virol 70:2939-2949. The VA RNA genes 
were not found in the genomes of BAV-3, CAV-1, and OAV. Reddye/a/. (1998)7. 

25 Virol 72:1394-1402; Morrison*/ al (1997)7 Gen, Virol 78:873-878; and Vrati etal 
(1996) Virology 220: 1 86-1 99. 

In PAV-3 the major late transcript initiates at 17.7 map units (m.u.: an 
adenovirus map unit is 1% of genome length, starting from the left end of the genome). 
There are six 3'-coterminal families of late mRNAs, denoted LI to L6 (see Figure 2). 

30 All mRNAs produced from the major late promoter (MLP) contain a tripartite leader 
sequence (TPL). The first portion of the TPL lies next to the MLP and is 61 nts long. 
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The second portion lies within the gene coding for pol and is 68 nt in length. The third 
portion is 99 nts long and is located within the gene coding for pTP. Thus the TPL of 
PAV-3 is 228 nt long and is derived from three exons located at 17.7, 20.9, and 
28.1 m.u. 

The MLP and TPL sequences can be used for expression of a heterologous 
sequence in a recombinant PAV vector or in any other adenoviral expression system. 
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Construction of recombinant PAV vectors 

In one embodiment of the invention, a recombinant PAV vector is 
constructed by in vivo recombination between a plasmid and a PAV genome. 
Generally, heterologous sequences are inserted into a plasmid vector containing a 
5 portion of the PAV genome, which may or may not possess one or more deletions 
of PAV sequences. The heterologous sequences are inserted into the PAV insert 
portion of the plasmid vector, such that the heterologous sequences are flanked by 
PAV sequences that are adjacent on the PAV genome. The PAV sequences serve 
as "guide sequences," to direct insertion of the heterologous sequences to a 

10 particular site in the PAV genome; the insertion site being defined by the genomic 
location of the guide sequences. 

The vector is generally a bacterial plasmid, allowing multiple copies of the 
cloned sequence to be produced. In one embodiment, the plasmid is co- 
transfected, into an appropriate host cell, with a PAV genome comprising a full- 

1 5 length or nearly full-length PAV genomic sequence. The PAV genome can be 
isolated from PAV virions, or can comprise a PAV genome that has been inserted 
into a plasmid, using standard techniques of molecular biology and biotechnology. 
Construction of a plasmid containing a PAV genome is described in Example 2, 
infra. Nearly full-length PAV genomic sequences can be deleted in regions such 

20 as El , E3, E4 and the region between E4 and the right end of the genome, but will 
retain sequences required for replication and packaging. PAV genomes can be 
deleted in essential regions, such as El A and/or ElB ,argc and/or E4 ORF3 if the 
essential function are supplied by a helper cell line. 

Insertion of the cloned heterologous sequences into a viral genome occurs 

25 by in vivo recombination between a plasmid vector (containing heterologous 
sequences flanked by PAV guide sequences) and a PAV genome following co- 
transfection into a suitable host cell. The PAV genome contains inverted terminal 
repeat (ITR) sequences required for initiation of viral DNA replication (Reddy et 
all (1995c), supra), and sequences involved in packaging of replicated viral 

30 genomes. Adenovirus packaging signals generally lie between the left ITR and 
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the El A promoter. Incorporation of the cloned heterologous sequences into the 
PAV genome thus places the heterologous sequences into a DNA molecule 
containing viral replication and packaging signals, allowing generation of multiple 
copies of a recombinant PAV genome that can be packaged into infectious viral 
5 particles. Alternatively, incorporation of the cloned heterologous sequences into a 
PAV genome places these sequences into a DNA molecule that can be replicated 
and packaged in an appropriate helper cell line. Multiple copies of a single 
sequence can be inserted to improve yield of the heterologous gene product, or 
multiple heterologous sequences can be inserted so that the recombinant virus is 
10 capable of expressing more than one heterologous gene product. The 

heterologous sequences can contain additions, deletions and/or substitutions to 
enhance the expression and/or immunological effect of the expressed gene 
product(s). 

Attachment of guide sequences to a heterologous sequence can also be 

15 accomplished by ligation in vitro. In this case, a nucleic acid comprising a 

heterologous sequence flanked by PAV guide sequences can be co-introduced into 
a host cell along with a PAV genome, and recombination can occur to generate a 
recombinant PAV vector. Introduction of nucleic acids into cells can be achieved 
by any method known in the art, including, but not limited to, microinjection, 

20 transfection, electroporation, CaPCU precipitation, DEAE-dextran, liposomes, 
particle bombardment, etc. 

In one embodiment of the invention, a recombinant PAV expression 
cassette can be obtained by cleaving a wild-type PAV genome with an appropriate 
restriction enzyme to produce a PAV restriction fragment representing, for 

25 example, the left end or the right end of the genome comprising El or E3 gene 

region sequences, respectively. The PAV restriction fragment can be inserted into 
a cloning vehicle, such as a plasmid, and thereafter at least one heterologous 
sequence (which may or may not encode a foreign protein) can be inserted into 
the El or E3 region with or without an operatively-linked eukaryotic 

30 transcriptional regulatory sequence. The recombinant expression cassette is 
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contacted with a PAV genome and, through homologous recombination or other 
conventional genetic engineering methods, the desired recombinant is obtained. 
In the case wherein the expression cassette comprises the El essential regions, 
such as, El A and/or ElB large or some other essential region, such as E4 ORF3, 
5 recombination between the expression cassette and a PAV genome can occur 
within an appropriate helper cell line such as, for example, an El A transformed 
cell line when El A region is deleted or El A function is inactivated, an ElB largc 
transformed cell line when ElB largc is deleted or ElB Iarge function is inactivated or 
an E4 ORF 3 cell line when E4 ORF3 is deleted or E4 ORF3 function is 

1 0 inactivated. Restriction fragments of the PAV genome other than those 

comprising the El or E3 regions are also useful in the practice of the invention 
and can be inserted into a cloning vehicle such that heterologous sequences can be 
inserted into the PAV sequences. These DNA constructs can then undergo 
recombination in vitro or in vivo, with a PAV genome either before or after 

1 5 transformation or transfection of an appropriate host cell. 

The invention also includes an expression system comprising a porcine 
adenovirus expression vector wherein a heterologous nucleotide sequence, e.g. 
DNA, replaces part or all of the E3 region, part or all of the El region, part or all 
of the E2 region, part or all of the E4 region, part or all of the late region and/or 

20 part or all of the regions occupied by the pIX, DBP, pTP, pol, IVa2, 52K, IIIA, 
pill, pVII, pV, pX, pVI, and 33K genes. The expression system can be used 
wherein the foreign nucleotide sequences, e.g. DNA, are optionally in operative 
linkage with a eukaryotic transcriptional regulatory sequence. PAV expression 
vectors can also comprise inverted terminal repeat (ITR) sequences and packaging 

25 sequences. 

The PAV El A, ElB ,arge , E4 ORF3, pIX, DBP, pTP, pol, IVa2, 52K, IIIA, 
pill, pVII, pV, pX, pVI, and 33K genes are essential for viral replication. 
Therefore, PAV vectors comprising deletions in any of these genes, or which lack 
functions encoded by any of these genes, are grown in an appropriate 
30 complementing cell line (i.e., a helper cell line). ElB sma11 and most, if not all, of 
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the open reading frames in the E3 and E4 regions, e.g. ORF1, ORF2 and ORF4- 
ORF7 of PAV-3 are non-essential for viral replication and, therefore, deletions in 
these regions can be constructed for insertion or to increase vector capacity, 
without necessitating the use of a helper cell line for growth of the viral vector. 
5 In another embodiment, the invention provides a method for constructing a 

full-length clone of a PAV genome by homologous recombination in vivo. In this 
embodiment, two or more plasmid clones, containing overlapping segments of the 
PAV genome and together covering the entire genome, are introduced into an 
appropriate bacterial host cell. Approximately 30 base pairs of overlap is required 

10 for homologous recombination in E. colu Chartier a/. (1996)7. Virol 70:4805- 
4810. Through in vivo homologous recombination, the PAV genome segments 
are joined to form a full-length PAV genome. In a further embodiment, a 
recombinant plasmid containing left-end sequences and right-end sequences of the 
PAV genome, separated by a unique restriction site, is constructed. This plasmid 

15 is digested with the restriction enzyme recognizing the unique restriction site, to 
generate a unit-length linear plasmid, which is introduced into a cell together with 
a full-length PAV genome. Homologous recombination within the cell will result 
in production of a recombinant plasmid containing a full-length PAV genome. 
Recombinant plasmids will also generally contain sequences specifying 

20 replication in a host cell and one or more selective markers, such as, for example, 
antibiotic resistance. 

Suitable host cells include any cell that will support recombination 
between a PAV genome and a plasmid containing PAV sequences, or between 
two or more plasmids, each containing PAV sequences. Recombination is 

25 generally performed in procaryotic cells, such as E. coli, while transfection of a 
plasmid containing a viral genome, to generate virus particles, is conducted in 
eukaryotic cells, preferably mammalian cells, most preferably porcine cell 
cultures. The growth of bacterial cell cultures, as well as culture and maintenance 
of eukaryotic cells and mammalian cell lines are procedures which are well- 

30 known to those of skill in the art. 
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In one embodiment of the invention, a replication-defective recombinant 
PAV vector is used for expression of heterologous sequences. In some 
embodiments, the replication-defective vector lacks El A and/or ElB Iargc and/or 
E4 ORF3 region function. In some embodiments, the replication-defective PAV 
5 vector comprises a deletion of the El A region or an inactivation of the El A gene 
function, such as through an insertion in the El A gene region. Construction of a 
deletion in the El region of PAV is described in Example 3 and Example 10, 
infra. Heterologous sequences can be inserted so as to replace the deleted El A or 
E1B region(s), and/or can be inserted at other sites in the PAV genome, preferably 

10 E3, E4 and/or the region between E4 and the right end of the genome. 

Replication-defective vectors with deletions in essential El regions, such as, El A 
andElB lan5C are grown in helper cell lines expressing El A and ElB ,arBC , which 
provide the deleted El function. Replication-defective vectors with deletions in 
E4 ORF3 are grown in helper cell lines expressing E4 ORF3. 

1 5 Accordingly, in one embodiment of the invention, a number of 

recombinant helper cell lines are produced according to the present invention by 
constructing an expression cassette comprising an adenoviral essential El region, 
such as El A and/or ElB ,afBe and/or E4 ORF3 and transforming host cells 
therewith to provide complementing cell lines or cultures providing deleted 

20 functions. In some embodiments, the host cell is transformed with a human or 

porcine El A gene region. In other embodiments, the host cell is transformed with 
human or porcine E1B gene region. In other embodiments, the host cell is 
transformed with human or porcine E4 ORF3 gene region. The terms 
"complementing cell," "complementing cell line," "helper cell" and "helper cell 

25 line" are used interchangeably herein to denote a cell line that provides a viral 
function that is deficient in a deleted PAV, including an essential El function or 
essential E4 function. These recombinant complementing cell lines are capable of 
allowing a replication-defective recombinant PAV, having a deleted El gene 
region that is essential for replication, such as El A and ElB larsc , wherein the 

30 deleted sequences are optionally replaced by heterologous nucleotide sequences, 
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to replicate and express one or more foreign genes or fragments thereof encoded 
by the heterologous nucleotide sequences. PAV vectors with El deletions, 
wherein heterologous sequences are inserted in regions other than El, can also be 
propagated in these complementing cell lines, and will express the heterologous 
5 sequences if they are inserted downstream of a PAV promoter or are inserted in 
operative linkage with a eukaryotic regulatory sequence. Helper cell lines include 
VEDO Rl cells, as described in Example 1, infra. Briefly, the VIDO Rl cell line 
is a porcine fetal retinal cell line that has been transfected with DNA from the 
human adenovirus type 5 (HAV-5) El region, and which supports the growth of 

10 PAV El A deletions and HAV-5 El deletions. Recombinant complementing cell 
lines expressing E4 ORF3 are capable of allowing a replication-defective 
recombinant PAV, having a deleted E4 ORF3 gene region that is essential for 
replication and optionally replaced by heterologous nucleotide sequences, to 
replicate and express one or more foreign genes or fragments thereof encoded by 

1 5 the heterologous nucleotide sequences. 

In the present invention, a PAV El -complementing cell line employing the 
El region of HAV-5 is shown to complement PAV-3 El mutants. There are 
several reasons that the El region of HAV-5 was used for transformation of 
porcine embryonic retinal cells. The El region of HAV-5 was shown to transform 

20 human retina cells very efficiently. Fallaux et al (1998) supra. The El region of 
HAV-5 has been thoroughly characterized and the monoclonal antibodies against 
the El proteins are readily available from commercial sources. In addition, the 
El A region of HAV-5 was shown to complement the El A functions of several 
non-human adenoviruses. Ball et al (1988) J. Virol 62:3947-3957; Zheng et al. 

25 (1994) Virus Res. 31:163-186. As shown herein in Example 1 1, a helper cell line 
expressing human adenovirus El and porcine ElB largc was able to rescue a porcine 
adenovirus having a deletion of the entire El region, including ElB largc nucleic 
acid. 

More generally, replication-defective recombinant PAV vectors, lacking 
30 one or more essential functions encoded by the PAV genome, can be propagated 
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in appropriate complementing cell lines, wherein a particular complementing cell 
line provides a function or functions that is (are) lacking in a particular defective 
recombinant PAV vector. Complementing cell lines can provide viral functions 
through, for example, co-infection with a helper virus, or by integrating or 
5 otherwise maintaining in stable form a fragment of a viral genome encoding a 
particular viral function. 

In another embodiment of the invention, El function (or the function of 
any other viral region which may be mutated or deleted in any particular viral 
vector) can be supplied (to provide a complementing cell line) by co-infection of 
1 0 cells with a virus which expresses the function that the vector lacks. 

PAV expression systems 

In one embodiment, the present invention identifies and provides means of 
deleting regions of the PAV genome, to provide sites into which heterologous or 

1 5 homologous nucleotide sequences encoding foreign genes or fragments thereof 
can be inserted to generate porcine adenovirus recombinants. In preferred 
embodiments, deletions are made in part or all of the nucleotide sequences of the 
PAV El , E3, or E4 regions and/or the region between E4 and the right end of 
genome. El gene region deletions are described in Example 3 and Example 10. 

20 E3 deletion and insertion of heterologous sequence in the E3 region are described 
in Example 4 and 5; and insertion of a heterologous sequence between the E4 
region and the right end of the PAV genome, as well as expression of the inserted 
sequence, is described in Example 6, infra. E4 region deletions are shown in 
Example 14. 

25 In another embodiment, the invention identifies and provides additional 

regions of the PAV genome (and fragments thereof) suitable for insertion of 
heterologous or homologous nucleotide sequences encoding foreign genes or 
fragments thereof to generate PAV recombinants. These regions include 
nucleotides 145-13,555; 15,284-19,035; 22,677-24,055; 26,573-27,088; and 

30 3 1 ,149-34,094 and comprise the E2 region, the late region, and genes encoding 
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the pIX, DBP, pTP, pol, IVa2, 52K, IIIA, pill, pVII, pV, pX, pVI, and 33K 
proteins. These regions of the PAV genome can be used, among other things, for 
insertion of foreign sequences, for provision of DNA control sequences including 
transcriptional and translation^ regulatory sequences, or for diagnostic purposes 
5 to detect the presence, in a biological sample, of viral nucleic acids and/or 
proteins encoded by these regions. Example 7, infra, describes procedures for 
constructing insertions in these regions. 

One or more heterologous sequences can be inserted into one or more 
regions of the PAV genome to generate a recombinant PAV vector, limited only 

10 by the insertion capacity of the PAV genome and ability of the recombinant PAV 
vector to express the inserted heterologous sequences. In general, adenovirus 
genomes can accept inserts of approximately 5% of genome length and remain 
capable of being packaged into virus particles. The insertion capacity can be 
increased by deletion of non-essential regions and/or deletion of essential regions 

1 5 whose function is provided by a helper cell line. In some examples, E40RF 1 - 
ORF2 and ORF4-ORF7 non essential regions and BIB 51 " 3 " are deleted to provide 
additional insertion capacity. 

In one embodiment of the invention, insertion can be achieved by 
constructing a plasmid containing the region of the PAV genome into which 

20 insertion is desired. The plasmid is then digested with a restriction enzyme 
having a recognition sequence in the PAV portion of the plasmid, and a 
heterologous sequence is inserted at the site of restriction digestion. The plasmid, 
containing a portion of the PAV genome with an inserted heterologous sequence, 
in co-transformed, along with a plasmid (such as pPAV-200) containing a full- 

25 length PAV genome, into a bacterial cell (such as, for example, E. coli), wherein 
homologous recombination between the plasmids generates a full-length PAV 
genome containing inserted heterologous sequences. 

Deletion of PAV sequences, to provide a site for insertion of heterologous 
sequences or to provide additional capacity for insertion at a different site, can be 

30 accomplished by methods well-known to those of skill in the art. For example, 

24 



WO 03/040305 



PCT/IB02/05829 



for PAV sequences cloned in a plasmid, digestion with one or more restriction 
enzymes (with at least one recognition sequence in the PAV insert) followed by 
ligation will, in some cases, result in deletion of sequences between the restriction 
enzyme recognition sites. Alternatively, digestion at a single restriction enzyme 
5 recognition site within the PAV insert, followed by exonuclease treatment, 
followed by ligation will result in deletion of PAV sequences adjacent to the 
restriction site. A plasmid containing one or more portions of the PAV genome 
with one or more deletions, constructed as described above, can be co-transfected 
into a bacterial cell along with a plasmid containing a full-length PAV genome to 

1 0 generate, by homologous recombination, a plasmid containing a PAV genome 
with a deletion at a specific site. PAV virions containing the deletion can then be 
obtained by transfection of mammalian cells (such as ST or VIDO Rl cells) with 
the plasmid containing a PAV genome with a deletion at a specific site. 

Expression of an inserted sequence in a recombinant PAV vector will 

1 5 depend on the insertion site. Accordingly, preferred insertion sites are adjacent to 
and downstream (in the transcriptional sense) of PAV promoters. The 
transcriptional map of PAV, as disclosed herein, provides the locations of PAV 
promoters. Locations of restriction enzyme recognition sequences downstream of 
PAV promoters, for use as insertion sites, can be easily determined by one of skill 

20 in the art Scorn the PAV nucleotide sequence provided herein. Alternatively, 
various in vitro techniques can be used for insertion of a restriction enzyme 
recognition sequence at a particular site, or for insertion of heterologous 
sequences at a site that does not contain a restriction enzyme recognition 
sequence. Such methods include, but are not limited to, oligonucleotide-mediated 

25 heteroduplex formation for insertion of one or more restriction enzyme 

recognition sequences (see, for example, Zoller et al. (1982) Nucleic Acids Res, 
10:6487-6500; Brennane/a/. (1990) Roux's Arch. Dev. Biol. 199:89-96; and 
Kunkel et al. (1987) Meth Enzymology 154:367-382) and PCR-mediated methods 
for insertion of longer sequences. See, for example, Zheng et al. (1994) Virus 

30 Research 31:163-186. 
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It is also possible to obtain expression of a heterologous sequence inserted 
at a site that is not downstream from a PAV promoter, if the heterologous 
sequence additionally comprises transcriptional regulatory sequences that are 
active in eukaryotic cells. Such transcriptional regulatory sequences can include 
5 cellular promoters such as, for example, the bovine hsp70 promoter and viral 
promoters such as, for example, herpesvirus, adenovirus and papovavims 
promoters and DNA copies of retroviral long terminal repeat (LTR) sequences. 

In another embodiment, homologous recombination in a procaryotic cell 
can be used to generate a cloned PAV genome; and the cloned PAV-3 genome 
10 can be propagated as a plasmid. Infectious virus can be obtained by transfection 
of mammalian cells with the cloned PAV genome rescued from plasmid- 
containing cells. Example 2, infra describes construction of an infectious plasmid 
containing a PAV-3 genome. 

The invention provides PAV regulatory sequences which can be used to 
1 5 regulate the expression of heterologous genes. A regulatory sequence can be, for 
example, a transcriptional regulatory sequence, a promoter, an enhancer, an 
upstream regulatory domain, a splicing signal, a polyadenylation signal, a 
transcriptional termination sequence, a translational regulatory sequence, a 
ribosome binding site and a translational termination sequence. 

20 

Therapeutic genes and polypeptides 

The PAV vectors of the invention can be used for the expression of, 
production of, therapeutic polypeptides in applications such as in vitro 
polypeptide production, vaccine production, nucleic acid immunization and gene 

25 delivery, for example. The PAV vectors of the present invention can be used to 
produce polypeptides, of therapeutic or diagnostic value. Therapeutic 
polypeptides comprise any polypeptide sequence with therapeutic and/or 
diagnostic value and include, but are not limited to, coagulation factors, growth 
hormones, cytokines, lymphokines, tumor-suppressing polypeptides, cell 

30 receptors, ligands for cell receptors, protease inhibitors, antibodies, toxins, 
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immunotoxins, dystrophins, cystic fibrosis transmembrane conductance regulator 
(CFTR) and immunogenic polypeptides. 

In some examples, PAV vectors will comprise heterologous sequences 
encoding protective determinants of various pathogens of mammals such as for 
5 example, humans or swine, for use in subunit vaccines and nucleic acid 
immunization. Representative swine pathogen antigens include, but are not 
limited to, pseudorabies virus (PRV) gp50; transmissible gastroenteritis virus 
(TGEV) S gene; porcine rotavirus VP7 and VP8 genes; genes of porcine 
respiratory and reproductive syndrome virus (PRRS), in particular ORFs 3, 4 and 

10 5 ; genes of porcine epidemic diarrhea virus; genes of hog cholera virus, genes of 
porcine parvovirus, and genes of porcine influenza virus. Representative human 
pathogens include, but are not limited to, HIV virus and Hepatitis virus. 

Various foreign genes or nucleotide sequences or coding sequences 
(prokaryotic, and eukaryotic) can be inserted into a PAV vector, in accordance 

1 5 with the present invention, particularly to provide protection against a wide range 
of diseases for use in mammals including humans and swine. Many such genes 
are already known in the art; the problem heretofore having been to provide a 
safe, convenient and effective vaccine vector for the genes or sequences. 

A heterologous {i.e., foreign) nucleotide sequence can consist of one or 

20 more gene(s) of interest, and preferably of therapeutic interest. In the context of 
the present invention, a gene of interest can code either for an antisense RNA, a 
ribozyme or for an mRNA which will then be translated into a protein of interest. 
A gene of interest can be of genomic type, of complementary DNA (cDNA) type 
or of mixed type (minigene, in which at least one intron is deleted). It can code 

25 for a mature protein, a precursor of a mature protein, in particular a precursor 
intended to be secreted and accordingly comprising a signal peptide, a chimeric 
protein originating from the fusion of sequences of diverse origins, or a mutant of 
a natural protein displaying improved or modified biological properties. Such a 
mutant can be obtained by deletion, substitution and/or addition of one or more 

30 nucleotide(s) of the gene coding for the natural protein, or any other type of 
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change in the sequence encoding the natural protein, such as, for example, 
transposition or inversion. 

A gene of interest can be placed under the control of regulatory sequences 
suitable for its expression in a host cell Suitable regulatory sequences are 
5 understood to mean the set of elements needed for transcription of a gene into 
RNA (ribozyme, antisense RNA or mRNA), for processing of RNA, and for the 
translation of an mRNA into protein. Among the elements needed for 
transcription, the promoter assumes special importance. It can be a constitutive 
promoter or a regulatable promoter, and can be isolated from any gene of 

10 eukaryotic, prokaryotic or viral origin, and even adenoviral origin. Alternatively, 
it can be the natural promoter of the gene of interest. Generally speaking, a 
promoter used in the present invention can be chosen to contain cell-specific 
regulatory sequences, or modified to contain such sequences. For example, a 
gene of interest for use in the present invention is placed under the control of an 

15 immunoglobulin gene promoter when it is desired to target its expression to 

lymphocytic host cells. There may also be mentioned the HSV-1 TK (herpesvirus 
type 1 thymidine kinase) gene promoter, the adenoviral MLP (major late 
promoter), in particular of human adenovirus type 2, the RSV (Rous Sarcoma 
Virus) LTR (long terminal repeat), the CMV (Cytomegalovirus) early promoter, 

20 and the PGK (phosphoglycerate kinase) gene promoter, for example, permitting 
expression in a large number of cell types. 

Alternatively, targeting of a recombinant PAV vector to a particular cell 
type can be achieved by constructing recombinant hexon and/or fiber genes. The 
protein products of these genes are involved in host cell recognition; therefore, the 

25 genes can be modified to contain peptide sequences that will allow the virus to 
recognize alternative host cells. 

Among genes of interest which are useful in the context of the present 
invention, there may be mentioned: 

- genes coding for cytokines such as interferons and interleukins; 

30 - genes encoding lymphokines; 
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- genes coding for membrane receptors such as the receptors recognized 
by pathogenic organisms (viruses, bacteria or parasites), preferably by the HIV 
virus (human immunodeficiency virus); 

- genes coding for coagulation factors such as factor VIII and factor DC; 
5 - genes coding for dystrophins; 

- genes coding for insulin; 

- genes coding for proteins participating directly or indirectly in cellular 
ion channels, such as the CFTR (cystic fibrosis transmembrane conductance 
regulator) protein; 

1 0 - genes coding for antisense RN As, or proteins capable of inhibiting the 

activity of a protein produced by a pathogenic gene which is present in the 
genome of a pathogenic organism, or proteins (or genes encoding them) capable 
of inhibiting the activity of a cellular gene whose expression is deregulated, for 
example an oncogene; 

1 5 - genes coding for a protein inhibiting an enzyme activity, such as a t - 

antitrypsin or a viral protease inhibitor, for example; 

- genes coding for variants of pathogenic proteins which have been 
mutated so as to impair their biological function, such as, for example, trans- 
dominant variants of the tat protein of the HIV virus which are capable of 

20 competing with the natural protein for binding to the target sequence, thereby 
preventing the activation of HIV; 

- genes coding for antigenic epitopes in order to increase the host cell's 
immunity; 

- genes coding for major histocompatibility complex classes I and II 

25 proteins, as well as the genes coding for the proteins which are inducers of these 
genes; 

- genes coding for antibodies; 

- genes coding for immunotoxins; 

- genes encoding toxins; 

30 - genes encoding growth factors or growth hormones; 
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- genes encoding cell receptors and their ligands; 

- genes encoding tumor suppressors; 

- genes coding for cellular enzymes or those produced by pathogenic 
organisms; and 

5 - suicide genes. The HSV-1 TK suicide gene may be mentioned as an 

example. This viral TK enzyme displays markedly greater affinity compared to 
the cellular TK enzyme for certain nucleoside analogues (such as acyclovir or 
gancyclovir). It converts them to monophosphorylated molecules, which can 
themselves be converted by cellular enzymes to nucleotide precursors, which are 
10 toxic. These nucleotide analogues can be incorporated into replicating DNA 

molecules, hence incorporation occurs chiefly in the DNA of dividing cells. This 
incorporation can result in specific destruction of dividing cells such as cancer 
cells. 

This list is not restrictive, and any other gene of interest can be used in the 

15 context of the present invention. In some cases the gene for a particular antigen 
can contain a large number of introns or can be from an RNA virus, in these cases 
a complementary DNA copy (cDNA) can be used. It is also possible that only 
fragments of nucleotide sequences of genes can be used (where these are 
sufficient to generate a protective immune response or a specific biological effect) 

20 rather than the complete sequence as found in the wild-type organism. Where 
available, synthetic genes or fragments thereof can also be used. However, the 
present invention can be used with a wide variety of genes, fragments and the like, 
and is not limited to those set out above. 

Recombinant PAV vectors can be used to express antigens for provision 

25 of, for example, subunit vaccines for use in mammals including humans and 
swine.. Antigens used in the present invention can be either native or 
recombinant antigenic polypeptides or fragments. They can be partial sequences, 
full-length sequences, or even fusions (e.g., having appropriate leader sequences 
for the recombinant host, or with an additional antigen sequence for another 

30 pathogen). The preferred antigenic polypeptide to be expressed by the virus 
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systems of the present invention contain full-length (or near full-length) sequences 
encoding antigens. Alternatively, shorter sequences that are antigenic (i.e., 
encode one or more epitopes) can be used. The shorter sequence can encode a 
"neutralizing epitope," which is defined as an epitope capable of eliciting 
5 antibodies that neutralize virus infectivity in an in vitro assay. Preferably the 

peptide should encode a "protective epitope" that is capable of raising in the host a 
"protective immune response;" i.e., a humoral (ie. antibody-mediated), cell- 
mediated, and/or mucosal immune response that protects an immunized host from 
infection. 

10 The antigens used in the present invention, particularly when comprised of 

short oligopeptides, can be conjugated to a vaccine carrier. Vaccine carriers are 
well known in the art: for example, bovine serum albumin (BSA), human serum 
albumin (USA) and keyhole limpet hemocyanin (KLH). A preferred carrier 
protein, rotavirus VP6, is disclosed in EPO Pub. No. 0259149, the disclosure of 

1 5 which is incorporated by reference herein. 

Genes for desired antigens or coding sequences thereof which can be 
inserted include those of organisms which cause disease in mammals, particularly 
porcine pathogens such as pseudorabies virus (PRV), transmissible gastroenteritis 
virus (TGEV), porcine rotavirus, porcine respiratory and reproductive syndrome 

20 virus (PRRS), porcine epidemic diarrhea virus (PEDV), hog cholera virus (HCV), 
porcine parvovirus and the like. Genes encoding antigens of human pathogens, 
such as HIV and Hepatitis are also useful in the practice of the invention. 

Therapeutic applications 

25 With the recombinant viruses of the present invention, it is possible to 

elicit an immune response against disease antigens and/or provide protection 
against a wide variety of diseases affecting swine, cattle, humans and other 
mammals. Any of the recombinant antigenic determinants or recombinant live 
viruses of the invention can be formulated and used in substantially the same 
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manner as described for the antigenic determinant vaccines or live vaccine 
vectors. 

The present invention also includes pharmaceutical compositions 
comprising a therapeutically effective amount of a recombinant vector, 
5 recombinant virus or recombinant protein, prepared according to the methods of 
the invention, in combination with a pharmaceutically acceptable vehicle and/or 
an adjuvant. Such a pharmaceutical composition can be prepared and dosages 
determined according to techniques that are well-known in the art. The 
pharmaceutical compositions of the invention can be administered by any known 

10 administration route including, but not limited to, systemically (for example, 
intravenously, intratracheally, intraperitoneally, intranasally, parenterally, 
enterically, intramuscularly, subcutaneously, intratumorally or intracranially) or 
by aerosolization or intrapulmonary instillation. Administration can take place in 
a single dose or in doses repeated one or more times after certain time intervals. 

1 5 The appropriate administration route and dosage will vary in accordance with the 
situation (for example, the individual being treated, the disorder to be treated or 
the gene or polypeptide of interest), but can be determined by one of skill in the 
art. 

The vaccines of the invention carrying foreign genes or fragments can be 
20 orally administered in a suitable oral carrier, such as in an enteric-coated dosage 
form. Oral formulations include such normally-employed excipients as, for 
example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, 
sodium saccharin cellulose, magnesium carbonate, and the like. Oral vaccine 
compositions may be taken in the form of solutions, suspensions, tablets, pills, 
25 capsules, sustained release formulations, or powders, containing from about 10% 
to about 95% of the active ingredient, preferably about 25% to about 70%. An 
oral vaccine may be preferable to raise mucosal immunity (which plays an 
important role in protection against pathogens infecting the gastrointestinal tract) 
in combination with systemic immunity. 
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In addition, the vaccine can be formulated into a suppository. For 
suppositories, the vaccine composition will include traditional binders and 
carriers, such as polyalkaline glycols or triglycerides. Such suppositories may be 
formed from mixtures containing the active ingredient in the range of about 0.5% 
5 to about 1 0% (w/w), preferably about 1 % to about 2%. 

Protocols for administering to animals the vaccine composition(s) of the 
present invention are within the skill of the art in view of the present disclosure. 
Those skilled in the art will select a concentration of the vaccine composition in a 
dose effective to elicit antibody, cell-mediated and/or mucosal immune responses 

10 to the antigenic fragment. Within wide limits, the dosage is not believed to be 
critical. Typically, the vaccine composition is administered in a manner which 
will deliver between about 1 to about 1,000 micrograms of the subunit antigen in 
a convenient volume of vehicle, e.g., about 1-10 ml. Preferably, the dosage in a 
single immunization will deliver from about 1 to about 500 micrograms of subunit 

15 antigen, more preferably about 5-10 to about 100-200 micrograms (e.g., 5-200 
micrograms). 

The timing of administration may also be important. For example, a 
primary inoculation preferably may be followed by subsequent booster 
inoculations, for example, several weeks to several months after the initial 

20 immunization, if needed. To insure sustained high levels of protection against 
disease, it may be helpful to re-administer booster immunizations at regular 
intervals, for example once every several years. Alternatively, an initial dose may 
be administered orally followed by later inoculations, or vice versa. Preferred 
vaccination protocols can be established through routine vaccination protocol 

25 experiments. 

The dosage for all routes of administration of in vivo recombinant virus 
vaccine depends on various factors including, the size of patient, nature of 
infection against which protection is needed, carrier and the like and can readily 
be determined by those of skill in the art. By way of non-limiting example, a 

30 dosage of between approximately 10 3 pfu and 10 8 pfix can be used. As with in 
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vitro subunit vaccines, additional dosages can be given as determined by the 
clinical factors involved. 

A problem that has beset the use of adenovirus vectors for immunization 
and gene delivery in humans is the rapid development of an immunological 
5 response (or indeed in some cases existing immunity) to human adenoviruses 

(HAVs). Recombinant PAV vectors are likely to be less immunogenic in humans 
and, for this and other reasons, will be useful either as a substitute for HAV 
vectors or in combination with HAV vectors. For example, an initial 
immunization with a HAV vector can be followed by booster immunizations 

10 using PAV vectors; alternatively, initial immunization with a recombinant PAV 
vector can be followed by booster immunizations with HAV and/or PAV vectors. 
As shown herein, PAV can infect a variety of human cell lines. 

The presence of low levels of helper-independent vectors in the batches of 
helper-dependent human adenoviruses that are grown in complementing human 

15 cell lines has been reported. Fallaux et al (1998) supra. This occurs as a result of 
recombination events between the viral DNA and the integrated adenoviral 
sequences present in the complementing cell line. Hehir et al (1996) J, Virol 
70:8459-8467. This type of contamination constitutes a safety risk, which could 
result in the replication and spread of the virus. Complete elimination of helper- 

20 dependent adenoviruses in the batches of helper-dependent vectors can be 

achieved using two approaches. The first is by developing new helper cell lines 
and matched vectors that do not share any common sequences. Fallaux et al 
(1998) supra. The second approach is to take advantage of possible 
cross-complementation between two distantly related adenoviruses such as HAV- 

25 5 and PAV-3. VIDO Rl cells contain the El coding sequences of HAV-5. 

Although there is no significant homology between the El regions of HAV-5 and 
PAV-3 at the nucleotide sequence level, the proteins produced from the region 
can complement each others' function(s). Thus, the problem of helper- 
independent vector generation by homologous recombination is eliminated when 

30 VIDO Rl cells are used for the propagation of recombinant PAV-3. 
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The invention also encompasses a method of treatment, according to 
which a therapeutically effective amount of a PAV vector, recombinant PAV, or 
host cell of the invention is administered to a mammalian subject requiring 
treatment. The finding that PAV-3 was effective in entering canine, sheep and 
5 bovine cells in which it does not replicate or replicates poorly is an important 
observation. See Example 8, infra This may have implications in designing 
PAV-3 vectors for vaccination in these and other animal species. As shown 
herein, PAV is able to replicate in a number of mammalian cell lines. 

Recombinant PAV vectors can be used for regulated expression of foreign 

1 0 polypeptides encoded by heterologous nucleotide sequences. Standard conditions 
of cell culture, such as are known to those of skill in the art, will allow maximal 
expression of recombinant polypeptides . They can be used, in addition, for 
regulated expression of RNAs encoded by heterologous nucleotide sequences, as 
in, for example, antisense applications and expression of ribozymes. 

1 5 When the heterologous sequences encode an antigenic polypeptide, PAV 

vectors comprising insertions of heterologous nucleotide sequences can be used to 
provide large quantities of antigen which are useful, in turn, for the preparation of 
antibodies. Methods for preparation of antibodies are well-known to those of skill 
in the art. Briefly, an animal (such as a rabbit) is given an initial subcutaneous 

20 injection of antigen plus Freund's complete adjuvant. One to two subsequent 
injections of antigen plus Freund's incomplete adjuvant are given at 
approximately 3 week intervals. Approximately 10 days after the final injection, 
serum is collected and tested for the presence of specific antibody by ELISA, 
Western Blot, immunoprecipitation, or any other immunological assay known to 

25 one of skill in the art. 

Adenovirus El gene products transactivate many cellular genes; therefore, 
cell lines which constitutively express El proteins can express cellular 
polypeptides at a higher levels than other cell lines. The recombinant mammalian, 
particularly porcine, cell lines of the invention can be used to prepare and isolate 

30 polypeptides, including those such as (a) proteins associated with adenovirus El A 
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proteins: e.g. p300, retinoblastoma (Rb) protein, cyclins, kinases and the like; (b) 
proteins associated with adenovirus E1B protein: e.g. p53 and the like; growth 
factors, such as epidermal growth factor (EGF), transforming growth factor (TGF) 
and the like; (d) receptors such as epidermal growth factor receptor (EGF-R), 
5 fibroblast growth factor receptor (FGF-R), tumor necrosis factor receptor (TNF- 
R), insulin-like growth factor receptor (IGF-R), major histocompatibility complex 
class I receptor and the like; (e) proteins encoded by proto-oncogenes such as 
protein kinases (tyrosine-specific protein kinases and protein kinases specific for 
serine or threonine), p21 proteins (guanine nucleotide-binding proteins with 
10 GTPase activity) and the like; (f) other cellular proteins such as actins, collagens, - 
fibronectins, integrins, phosphoproteins, proteoglycans, histones and the like, and 
(g) proteins involved in regulation of transcription such as TATA-box-binding 
protein (TBP), TBP-associated factors (TAFs), Spl binding protein and the like. 

15 Gene Delivery 

The invention also includes a method for delivering a gene to a mammal, 
such as a porcine, human or other mammal in need thereof, to control a gene 
deficiency. In one embodiment, the method comprises administering to said 
mammal a live recombinant porcine adenovirus containing a heterologous 

20 nucleotide sequence encoding a non-defective form of said gene under conditions 
wherein the recombinant virus vector genome is incorporated into said 
mammalian genome or is maintained independently and extrachromosomally to 
provide expression of the required gene in the target organ or tissue. These kinds 
of techniques are currently being used by those of skill in the art to replace a 

25 defective gene or portion thereof. Examples of foreign genes, heterologous 

nucleotide sequences, or portions thereof that can be incorporated for use in gene 
therapy include, but are not limited to, cystic fibrosis transmembrane conductance 
regulator gene, human minidystrophin gene, alpha- 1 -antitrypsin gene and the like. 
In particular, the practice of the present invention in regard to gene 

30 delivery in humans is intended for the prevention or treatment of diseases 
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including, but not limited to, genetic diseases (for example, hemophilia, 
thalassemias, emphysema, Gaucher' s disease, cystic fibrosis, Duchenne muscular 
dystrophy, Duchenne's or Becker's myopathy, etc.), cancers, viral diseases (for 
example, AIDS, herpesvirus infection, cytomegalovirus infection and 
5 papillomavirus infection) and the like. For the purposes of the present invention, 
the vectors, cells and viral particles prepared by the methods of the invention may 
be introduced into a subject either ex vivo, (i.e., in a cell or cells removed from the 
patient) or directly in vivo into the body to be treated. Preferably, the host cell is a 
human cell and, more preferably, is a lung, fibroblast, muscle, liver or 
1 0 lymphocytic cell or a cell of the hematopoietic lineage. 

Diagnostic applications 

The PAV genome, or any subregion of the PAV genome, is suitable for 
use as a nucleic acid probe, to test for the presence of PAV nucleic acid in a 

1 5 subject or a biological sample. The presence of viral nucleic acids can be detected 
by techniques known to one of skill in the art including, but not limited to, 
hybridization assays, polymerase chain reaction, and other types of amplification 
reactions. Suitable labels and hybridization techniques are well-known to those of 
skill in the art. See, for example, Kessler (ed.), Nonradioactive Labeling and 

20 Detection ofBiomolecules, Springer-Verlag, Berlin, 1992; Kricka (ed.) 

Nonisotopic DNA Probe Techniques, Academic Press, San Diego, 1992; Howard 
(ed.) Methods in Nonradioactive Detection, Appleton & Lange, Norwalk, 1993; 
Ausubel et al, supra; and Sambrook et al f supra. Diagnostic kits comprising the 
nucleotide sequences of the invention can also contain reagents for cell disruption 

25 and nucleic acid purification, as well as buffers and solvents for the formation, 
selection and detection of hybrids. 

Regions of the PAV genome can be inserted into any expression vector 
known in the art and expressed to provide, for example, vaccine formulations, 
protein for immunization, etc. The amino acid sequence of any PAV protein can 

30 be determined by one of skill in the art from the nucleotide sequences disclosed 
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10 



herein. PAV proteins can be used for diagnostic purposes, for example, to detect 
the presence of PAV antigens. Methods for detection of proteins are well-known 
to those of skill in the art and include, but are not limited to, various types of 
direct and competitive immunoassays, ELISA, Western blotting, enzymatic assay, 
immunohistochemistry, etc. See, for example, Harlow & Lane (eds.): Antibodies, 
A Laboratory Manual, Cold Spring Harbor Press, New York, 1988. Diagnostic 
kits comprising PAV polypeptides or amino acid sequences can also comprise 
reagents for protein isolation and for the formation, isolation, purification and/or 
detection of immune complexes. 



EXAMPLES 

Materials and Methods 
Virus and viral DNA. 

The 6618 strain of PAV-3 was propagated in the swine testis (ST) cell line 
15 and in El -transformed porcine retinal cells (VIDO Rl , see below). Porcine 
embryonic retinal cells were obtained from the eyeballs of piglets delivered by 
caesarian section two weeks before the parturition date. Uninfected cells were 
grown in MEM supplemented with 10% fetal bovine serum (FBS). MEM with 
2% FBS was used for maintenance of infected cells. Viral DNA was extracted 
20 either from infected cell monolayers by the method of Hirt (1967) J. Mol. Biol. 
26:365-369, or from purified virions as described by Graham et al (1991) in 
"Methods in Molecular Biology" Vol. 7, Gene transfer and expression protocols, 
ed. E.J. Murray, Humana Press, Clifton, NJ, pp. 109-128. 



25 Plasmids and genomic DNA sequencing. 

Selected restriction enzyme fragments of PAV-3 DNA were cloned into 
pGEM-3Z and pGEM-7Zf(+) plasmids (Promega). Nucleotide sequences were 
determined on both strands of the genome by the dideoxy chain-termination 
method using Sequenase® enzyme (U.S. Biochemicals) and the dye-terminator 
30 method with an Applied Biosystems (Foster City, CA) DNA sequencer. 
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cDNA library. 

A cDNA library was generated from polyadenylated RNA extracted from 
PAV-3 infected ST cells at 12 h and 24 h post infection. Double stranded cDNAs 
5 were made with reagents from Stratagene and cloned into Lambda ZAP vector. 
Plaques which hybridized to specific restriction enzyme fragments of PAV-3 
DNA were plaque purified twice. Plasmids containing cDNAs were excised from 
the Lambda ZAP vector according to the manufacturer's protocol. The resulting 
plasmid clones were characterized by restriction endonuclease analysis and by 
10 sequencing of both ends of the cDNA insert with T3- and T7-specific primers. 
Selected clones were sequenced with internal primers. cDNA sequences were 
aligned with genomic sequences to determine the transcription map. 

Viral transcript mapping by nuclease protection 

1 5 Transcript mapping was conducted according to the method of Berk et al. 

(1977) Cell 12:721-732. 

Example 1: Development of an El-complementing helper cell line 
(V1DO Rl) 

20 Primary cultures of porcine embryonic retina cells were transfected with 

10 ^ig of plasmid pTG 4671 (Transgene, Strasbourg, France) by the calcium 
phosphate technique. The pTG 4671 plasmid contains the entire El A and E1B 
sequences (nts 505-4034) of HAV-5, along with the puromycin acetyltransferase 
gene as a selectable marker. In this plasmid, the El region is under the control of 

25 the constitutive promoter from the mouse phosphoglycerate kinase gene, and the 

puromycin acetyltransferase gene is controlled by the constitutive SV40 early 

promoter. Transformed cells were selected by three passages in medium 

containing 7 |xg/ml puromycin, identified based on change in their morphology 

from single foci (i.e., loss of contact inhibition), and subjected to single cell 

30 cloning. The established cell line was first tested for its ability to support the 
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growth of El deletion mutants of HAV-5. Subsequently the cell line was further 
investigated for the presence of El sequences in the genome by PCR, expression 
of the El A and E1B proteins by Western blot, and doubling time under cell 
culture conditions. El sequences were detected, and production of El A and E1B 
5 proteins was demonstrated by immunoprecipitation (Figure 3). Doubling time 
was shorter, when compared to that of the parent cell line. Example 3, infra, 
shows that this cell line is capable of complementing a PAV El A deletion mutant. 

To assess the stability of El expression, VIDO Rl cells were cultured 
through more than 50 passages (split 1 :3 twice weekly) and tested for their ability 

1 0 to support the replication of El-deleted HAV-5 . Expression of the E 1 A and E 1 B 
proteins at regular intervals was also monitored by Western blot. The results 
indicated that the VIDO Rl line retained the ability to support the growth of 
El-deleted virus and expressed similar levels of El proteins during more than 50 
passages in culture. Therefore, VEDO Rl can be considered to be an established 

15 cell line. 

Example 2: Construction of a full-length infectious clone of PAV-3. 

A plasmid clone containing a full-length copy of the PAV-3 genome 
(pPAV-200) was generated by first constructing a plasmid containing left- and 
20 right-end sequences of PAV-3, with the PAV-3 sequences bordered by Pad sites 
and separated by a Pstl restriction site (pPAV-100), then allowing recombination 
between Ps/I-digested pPAV-100 and an intact PAV-3 genome. Left- and right- 
end sequences for insertion into pPAV-100 were produced by PCR amplification, 
as follows. 

25 The plasmid p3SB (Reddy et at., 1993, Intervirology 36:161-168), 

containing the left end of PAV-3 genome (position 1-8870) was used for 
amplification of the first 433 bp of the PAV-3 genome by PCR. Amplification 
primers were oligonucleotides 1 

(5 '-GCGGA TCCTTAA TTAA C ATC ATC AAT A AT AT ACCGC ACACTTTT -3 ') 
30 (SEQ ID NO.: 2) and 2 
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(S'-CACCTGCA GATACACCCACACACGTCATCTCG -V) (SEQ ID NO.: 3). 
In the sequences shown here, adenoviral sequences are shown in bold/underlined 
and engineered restriction enzyme sites are italicized. 

For amplification of sequences at the right end of the PAV-3 genome, the 
5 plasmid p3SA (Reddy et al , 1 993, supra) was used. This plasmid was used as 
template in PCR for amplification of the terminal 573 bp of the genome using 
oligonucleotide 1 (above) and oligonucleotide 3 

(5 ? -C4CCrGC4 GCCTCCTGAGTGTGAAGAGTGTCC -3 , ) (SEQ ID NO.: 
4). The primers were designed based on the nucleotide sequence information 

1 0 described elsewhere (Reddy et al , 1 995c, supra; and Reddy et al, 1 997, supra). 
For construction of pPAV-100, the PCR product obtained with 
oligonucleotides 1 and 2 was digested with BamUl and Pstl restriction enzymes 
and the PCR product obtained using primers 1 and 3 was digested with Pstl and 
Pad enzymes. Modified bacterial plasmid pPolyIIsnl4 was digested with BamHl 

1 5 and Pad enzymes. This plasmid was used based on its suitability for homologous 
recombination in E. colu The two PCR products described above were cloned 
into pPolyllsnH by three way ligation to generate the plasmid pPAV-100 which 
carries both termini of PAV-3, separated by a Pstl site and bordered by Pad 
restriction enzyme sites. 

20 Plasmid pPAV-200, which contains a full length PAV-3 genome, was 

generated by co-transformation of E. coli BJ 5183 recBC sbcBC (Hanahan, 1983, 
1 Mol Biol 166:557-580) with Psfl-linearized pPAV-100 and the genomic DNA 
of PAV-3. Extensive restriction enzyme analysis of pPAV-200 indicated that it 
had the structure expected of a full-length PAV-3 insert, and that no unexpected 

25 rearrangements had occurred during recombination in E. colu 

The infectivity of pPAV-200 was demonstrated by lipofectin transfection 
(Life Technologies, Gaithersburg, MD) of ST cells following Pad enzyme 
digestion of the plasmid to release the viral genome from the plasmid. Viral 
plaques were evident 7 days following transfection, and titers were equivalent to, 

30 or higher than, those obtained after infection with wild-type PAV. The plaques 
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were amplified and the viral DNA was extracted and analyzed by restriction 
enzyme digestion. The viral DNA obtained by cleavage of pPAV-200 with Pad 
contained an extra 3 bases at each end; but these extra bases did not substantially 
reduce the infectivity of the PAV genome excised from pPAV-200. In addition, 
5 the bacterial-derived genomes lacked the 55-kDa terminal protein that is 
covalently linked to the 5' ends of adenoviral DNAs and which enhances 
infectivity of viral DNA. 

Example 3: Generation of El deletion mutants of PAV-3. 

10 A plasmid (pPAV-101) containing the left (nucleotides 1-2,130) and the 

right (nucleotides 32,660-34,094) terminal Ncol fragments of the PAV-3 genome 
was constructed by digesting pPAV-200 with the enzyme Ncol (which has no 
recognition sites in the vector backbone, but many sites in the PAV insert), 
gel-purifying the appropriate fragment and self-ligating the ends. See Figure 4. 

15 The El A sequences of pPAV-101, between nucleotides 407 and 1270 (PAV 
genome numbering), were deleted by digestion of pPAV-101 with Not\ 
(recognition site at nucleotide 407) and^^el (recognition site at 1270), generation 
of blunt ends, and insertion of a double-stranded oligonucleotide encoding a Xbal 
restriction site to create a plasmid, pPAV-102, containing PAV left- and right-end 

20 sequences, separated by a Ncol site, with a deletion of the El A region and a Xbal 
site at the site of the deletion. See Figure 5. Plasmid pPAV-201, containing a 
full-length PAV-3 genome minus El A sequences, was created by co- 
transformation of E. coli BJ 5183 with Ncol linearized pPAV-102 and genomic 
PAV-3 DNA . The resulting construct, when transfected into VIDO Rl cells 

25 following digestion with Pad restriction enzyme, produced a virus that had a 

deletion in the El region. In similar fashion, construction of a virus with deletions 
in El and E3 was accomplished by transformation of BJ 5183 cells with Ncol 
linearized pPAV-102 and genomic PAV-3 DNA containing an E3 deletion. These 
E1A deletion mutants did not grow on either ST (swine testis) cells or fetal porcine 

30 retina cells and could only be grown in the VIDO Rl cell line. 
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Example 4: Generation of E3 inserts and deletion mutants. 

To systematically examine the extent of the E3 region that could be 
deleted, a E3 transfer vector was constructed. The vector (pPAV-301) contained a 
5 P AV-3 segment from nucleotides 26,7 1 6 to 3 1 ,064 with a green fluorescent 
protein (GFP) gene inserted into the SnaBI site (located at nucleotide 28,702) in 
the same orientation as E3. The GFP gene was obtained from the plasmid pGreen 
Lantern- 1™ (Life Technologies), by Noil digestion followed by purification of a 
732-nucleotide fragment. Similarly, another construct was made with GFP cloned 
10 into the Sacl site located at nucleotide 27,789. Kpril-BamHl fragments 

encompassing the modified E3 regions were then isolated from these E3 transfer 
vectors and recombined in E coli with pPAV-200 that had been linearized at 
nucleotide position 28,702 by SnaBI digestion. Virus were obtained with a 
construct that had the GFP gene cloned into the SnaBI site. 
15 To delete the non-essential portion of E3 from the transfer vector, a PCR 

approach was used. In this approach, the region of the PAV genome between 
nucleotides 27,402 and 28,1 12 was amplified using the following primers: 
5 ' -G ACTGACGCCGGCATGC AAT-3 ' 
SEQIDNO:5 

20 5'-CGGATCCTGACGCTACGAGCGGTTGTA-3 ' SEQ ID NO: 6 

In a second PCR reaction, the portion of the PAV genome between nucleotides 
28,709 and 29,859 was amplified using the following two primers: 

5*-C GGATCC ATACGTACAGATGAAGTAGC-3 ' SEQ ID NO: 7 

5'- TCTGACTG AAGCCGACCTGC-3 * 
25 SEQ ID NO: 8 

In the oligonucleotides designated SEQ ID NO: 6 and SEQ ID NO: 7, a 
fiaroHI recognition sequence is indicated by underlining. The template for 
amplification was a Kpnl-BamHl fragment encompassing nucleotides 26,716- 
3 1 ,063 of the PAV genome, inserted into the plasmid pGEM3Z (Promega), and 
30 Pfii polymerase (Stratagene) was used for amplification. The first PCR product 
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(product of amplification with SEQ ID NO: 5 and SEQ ID NO: 6) was digested 
with BamUl and gel- purified. The second PCR product (product of amplification 
with SEQ ID NO: 7 and SEQ ID NO: 8) was digested with BamEl and Spel and 
gel-purified. They were inserted into SmtfI/S/?eI-digested pBlueScript II SK(+) 
5 (Stratagene) in a three-way ligation reaction to generate pPAV-300. See Figure 6. 
pPAV-300 contains the portion of the PAV-3 genome extending from nucleotides 
27,402 to 29,859, with 594 base pairs (bp) between nucleotides 28,1 13 and 28,707 
deleted from the E3 region. A virus with such a deletion was constructed as 
follows. A Sphl-Spel fragment from pPAV-300, containing part of the pVIII 

10 gene, a deleted E3 region, and part of the fiber gene was isolated (see Figure 6). 
This fragment was co-transfected, with SwaBI-digested pPAV-200 (which 
contains a full-length PAV-3 genome) into E. coll Homologous recombination 
generated a plasmid, pFPAV-300, containing a full-length PAV genome with a 
deletion in the E3 region. pFPAV-300 was digested with Pad and transfected 

1 5 into VIDO Rl cells (Example 1) to generate recombinant virus with a deletion in 
the E3 region of the genome. 

Example 5: Construction of a PAV recombinant with an insertion of 
the PRV gp50 gene in the PAV E3 region and expression of the inserted gene 

20 To construct a recombinant PAV expressing pseudorabies virus (PRV) 

gp50, the PRV gp50 gene was inserted at the SndRl site of pPAV-300 to create 
plasmid pPAV-300-gp50. A Sphl-Spel fragment from pPAV-300-gp50, 
containing part of the pVII gene, a deleted E3 region with the PRV gp50 gene 
inserted, and part of the fiber gene, was purified and co-transfected, along with 

25 SWaBI-digested pFPAV-300 (E3-deleted) into E. colt In the bacterial cell, 

homologous recombination generated pFPAV-300-gp50, a plasmid containing a 
PAV genome with the PRV gp50 gene replacing a deleted E3 region. 
Recombinant virus particles were obtained as described in Example 4. 

Expression of the inserted PRV gp50 was tested after infection of VIDO 

30 Rl cells with the recombinant virus, by 35 S labeling of infected cells (continuous 
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label), followed by immunoprecipitation with an anti-gp50 monoclonal antibody 
and gel electrophoresis of the immunoprecipitate. Figure 7 shows that large 
amounts of gp50 are present by 12 hours after infection, and expression of gp50 
persists up to 24 hours after infection. 

5 

Example 6: Expression of the Chloramphenicol acetyltransferase gene 
from a region that lies between the promoter of the E4 region and the right 
ITR. 

The right terminal fragment of the PAV genome (encompassing 

1 0 nucleotides 3 1 ,054-34,094) was obtained by Xhol digestion of pPAV-200 and 
cloned between the Xhol and Notl sites of pPolyIIsnl4. A Chloramphenicol 
acetyltransferase (CAT) gene expression cassette, in which the CAT gene was 
flanked by the SV40 early promoter and the SV40 polyadenylation signal, was 
inserted, in both orientations, into a unique Hpal site located between the E4 

15 region promoter and the right ITR, to generate plasmids pPAV-400A and pPAV- 
400B. The modified terminal fragments were transferred into a plasmid 
containing a full-length PAV-3 genome by homologous recombination in E coli 
between the isolated terminal fragments and flpal-digested pPAV-200. 
Recombinant viruses expressing CAT were obtained following transfection of 

20 VIDO Rl cells with the plasmids. PAV-CAT2 contained the CAT gene cassette 
in a leftward transcriptional orientation (i.e., the same orientation as E4 region 
transcription), while, in PAV-CAT6, the CAT gene cassette was in the rightward 
transcriptional orientation. 

These recombinant viruses were tested for expression of CAT, after 

25 infection of VIDO Rl cells, using a CAT Enzyme Assay System from Promega, 
following the instructions provided by the supplier. See, Cullen (1987) Meth. 
Enzymology 43:737; and Gormane/a/., (1982) Mol Cell Biol. 2:1044. The 
results are shown in Table 3. 
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Table 3: CAT activity expressed by recombinant PAV viruses 



Sample 


3 H cpm 


Mock-infected 


458 


CAT positive control* 


199,962 


PAV-CAT2 


153,444 


PAV-CAT6 


63,386 



* - the positive control sample contained 0.1 Units of purified CAT. 



These results show that recombinant PAV viruses, containing an inserted 
5 gene, are viable and are capable of expressing the inserted gene. 

Example 7: Construction of replication defective PAV-3 expressing 

GFP 

A 2.3 kb fragment containing the CMV immediate early promoter, the 

10 green fluorescent protein (GFP) gene and the bovine growth hormone poly(A) 
signal was isolated by digesting pQBI 25 (Quantum Biotechnology) with BglU 
and Dralll followed by filling the ends with T4 DNA polymerase. This fragment 
was inserted into the Srjl site of pPAV-102 in both orientations to generate 
pPAV-102GFP (Figure 8). This plasmid, digested with Pad and Sma\ enzymes, 

1 5 and the fragment containing part of the El sequence and the GFP gene was gel 
purified. This fragment and the Srfl digested pFPAV-201 were used to transform 
E. coli BJ 5183 to generate the full-length clone containing GFP in the El region 
(pFPAV-201-GFP) by homologous recombination. The recombinant virus, 
PAV3delElE3.GFP was generated following transfection of VIDO Rl cells with 

20 Pad restricted pFP AV-20 1 -GFP that had the GFP transcription unit in the 
opposite orientation to the El . A similar virus with the GFP in the same 
orientation as El could not be rescued from transfected cells. Presence of the 
GFP gene in the viral genome was confirmed by restriction enzyme analysis. The 
recombinant virus replicated in VIDO Rl cells two logs less efficiently than the 

25 wild type PAV-3. 
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Example 8: Virus entry and replication of PAV-3 in human and 
animal cells. 

To initially characterize the host species restriction of PAV in vitro, 
monolayers of 1 1 cell types from 6 different mammalian species were infected 
5 with wild type PAV-3 or PAV3del.ElE3.GFP. ST, VIDO Rl (porcine), 293, 
A549 (human), MDBK, VIDO R2 (bovine, ATCC accession number PTA 156), 
C3HA (mouse), COS, VERO (monkey), sheep skin fibroblasts or cotton rat lung 
cells were incubated with 1 pfu/cell of wild type PAV-3 or helper-dependent 
PAV-3 expressing GFP. The cells infected with wild type PAV were harvested at 
10 2 h and 3 days post-infection, subjected to two cycles of freeze-thaw, and virus 
titers were determined on VIDO Rl cells. Cells that were infected with the 
recombinant virus expressing GFP were observed with the aid of a fluorescent 
microscope for green fluorescence. 

A ten-fold increase in virus titers in Vero and COS cells, and a hundred- 
1 5 fold increase in cotton rat lung fibroblasts and VIDO R2 cells, was noticed. No 
increase in the virus titers was observed with 293, A549, MDBK, sheep skin 
fibroblasts, dog kidney and C3HA cells. All of these cell types showed bright 
green fluorescence when infected with PAV3delElE3.GFP except human cells, 
which showed a weak fluorescence. In addition, low levels of GFP expression 
20 were achieved in human cells with recombinant PAV-3. These observations 
suggest that virus entry into some human cells is limited and/or the human cells 
are non-permissive for the replication of the virus. These results also 
demonstrated that GFP was expressed by the PAV-3 vector in cells which are 
semi-permissive (VERO, COS, Cotton rat lung fibroblasts and VIDO R2), or non- 
25 permissive (Sheep skin fibroblasts, MDBK and human cells) for virus replication. 

Example 9: Insertions in the regions of the PAV-3 genome defined by 
nucleotides 145-13,555; 15,284-19,035; 22,677-24,055; 26,573-27,088; and 
31,149-34,094 
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Insertions are made by art-recognized techniques including, but not limited 
to, restriction digestion, nuclease digestion, ligation, kinase and phosphatase 
treatment, DNA polymerase treatment, reverse transcriptase treatment, and 
chemical oligonucleotide synthesis. Heterologous nucleic acid sequences of 
5 interest are cloned into plasmid vectors containing portions of the PAV genome 
(which may or may not contain deletions of PAV sequences) such that the foreign 
sequences are flanked by sequences having substantial homology to a region of 
the PAV genome into which insertion is to be directed. Substantial homology 
refers to homology sufficient to support homologous recombination. These 

10 constructs are then introduced into host cells that are co-transfected with PAV-3 
DNA or a cloned PAV genome. During infection, homologous recombination 
between these constructs and PAV genomes will occur to generate recombinant 
PAV genome-containing plasmids. Recombinant virus are obtained by 
transfecting the recombinant PAV genome-containing plasmids into a suitable 

15 mammalian host cell line. If the insertion occurs in an essential region of the 
PAV genome, the recombinant PAV virus is propagated in a helper cell line 
which supplies the viral function that was lost due to the insertion. 



Example 10: Analysis of Early Region 1 of Porcine Adenovirus 
20 Materials and Methods 

Cells and viruses 

VIDOR1 (Reddye/a/., 1999(b), J. Gen. Virol 80:2909-2916) and Swine 
Testicular (ST) cells (ATCC Cat. No. CRL 1746) were grown and maintained in 
minimum essential medium (MEM) supplemented with 10% fetal bovine serum 
25 (FBS). The PAV strains (wild-type PAV-3 strain 661 8) were propagated and 
titrated in VIDO Rl cells (Reddy et al y 1999(b), supra). 

GST fusion and antibody production 

The plasmid pElA was created by amplifying part of El A (nt 556 to 
1222) by PCR and ligating in-frame to glutathione S-transferase (GST) gene in 
30 plasmid pGEX-5X-3. To create plasmid pElBs, part of ElB smaH ORF (nt 1470 to 



48 



WO 03/040305 



• 

PC17IB02/05829 



2070) was amplified by PCR and ligated in-frame to the GST gene in plasmid 
pGEX-5X-3. The plasmid pElBl was created by amplifying complete ElB largc 
ORF (nt 183 1-3250) by PCR and ligated in-frame to the GST gene in plasmid 
pGEX-5X-3. The junctions of the sequences encoding GST-El A, GST-El B sma11 or 
5 GST-El B ,arsc were sequenced to ensure that the coding domains are in frame. The 
competent Escherichia coli strain BL121 was transformed with pEl A, pElBs or 
pElBl plasmids. The fusion protein(s) were induced by addition of 0.1 M 
isopropyl-p-D-thiogalactoside and purified using sodium dodecyl sulphate (SDS)- 
polyacrylamide gel electrophoresis (PAGE). Rabbits were immunized 
10 subcutaneously with 300 ug of gel purified GST-El A, GST-ElB smaH or GST- 
El B lar8C fusion proteins in Freund's complete followed by three injections in 
Freund's incomplete adjuvant at 4-weeks interval. 
In vitro transcription and translation 

The complete coding regions of El A, ElB smdl and ElB large were 
1 5 individually cloned into the Smal site of plasmid pSP64 polyA creating plasmid 
pSP64-PElA, pSP64-PElBs and pSP64-PElBl respectively. The plasmid DNAs 
were transcribed and translated in vitro by using a rabbit reticulocyte lysate 
coupled transcription translation system in the presence of 50 jiCi of [ 35 S] - 
methionine. The in vitro translated proteins were analyzed with or without 
20 immunoprecipitation with the protein specific polyclonal rabbit serum. 
Construction of PAV-3 recombinant plasmids 

The recombinant plasmid vectors were constructed by standard procedures 
using restriction enzymes and other DNA modifying enzymes. 

i) Construction ofvlasmidpFPAV21L A 9.225 kb Xhol fragment 
25 (containing vector backbone plus left [nt 004 1 59] and right [nt 3 1 053 to 34094] 
termini of PAV-3 genome) isolated from plasmid pFPAV200 (Reddy et al. y 
1999(a), 1 Gen. Virol 80:563-570) was religated creating plasmid pPAVXhoIRL 
(Fig.9A). Nucleotide numbers of the PAV-3 genome referred to in this report are 
according to GenBank accession no. AF083132 (and are the same as in Figures 
30 1-1 through 1-10). To delete the El A region, PAV-3 genome between 
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nucleotides (nt) 0 to 531 was amplified by using primers YZ-13 5'-ATA GGC 
GTA TCA CGA GGC-3' and YZ-14 S'-CTG GAC TAG TCT GTT CCG CTG 
AGA GAA AAC- 3', and plasmid pPAVXhoIRL DNA as a template in a PCR 
reaction. The PAV- 3 genomic DNA between nt 1231 and 1529 was amplified by 
5 using primers YZ-15 5'-GTG GAC TAG TCTCAT GCA GCG AACAAC C- 3* 
and YZ-16 5'-GTA CTA TCA CCT TCC TAA GG- 3', and plasmid 
pPAVXhoIRL DNA as a template in a PCR reaction. The product of first PCR 
was digested with BamHI - Spel and gel purified. The second PCR product was 
digested with Spel - Bsu36 and gel purified. The two gel purified fragments were 

10 cloned into BamHI and Bsu36 digested plasmid pPAVXhoIRL in a three-way 

ligation. The resulting plasmid pYZ20 carried 700 bp (nt 530 to 1230) deletion in 
El A region and an engineered Spel site. The recombinant PAV-3 genome 
containing deletions in the El A and E3 regions (pFPAV21 1) was generated by 
homologous DNA recombination in Exoli BJ 5183 between Xhol linearized 

15 pYZ20 and genomic DNA of PAV-3 E3 (Reddy et aL, 1999(a), supra, Fig.lB). 
in Construction of plasmid vFPA V212. 

A 633 bp fragment (nt 827 to 1460) isolated by PCR amplification (using 
oligonucleotides YZ-17 5'-ACA GTA ATG AGG AGG ATA TC-3' and YZ-18 
5*-TAG GAC TAG TCC CAC AGA AAA AGA AAA GG-3' as primers and 

20 plasmid pPAVXhoIRL as a template) was digested with EcoRV - Spel and gel 

purified. A 403 bp fragment (nt 1820 to 2223 of PAV-3 genome) isolated by PCR 
amplification (using oligonucleotides YZ-19 5'-ATG GAC TAG TCT TCT GGT 
GCC GCC ACT A -3' and YZ-20 5'-CCT AAT CTG CTC AAA GCT G-3' as 
primers and plasmid pPAVXhoIRL DNA as a template) was digested with Spel - 

25 Eco47in and gel purified. A 6.947 kb Xhol - StuI fragment of plasmid 

pPAVXhoIRL was blunt end repaired with T4 polymerase and religated to create 
plasmid pYZ9a. The two gel purified DNA fragments were ligated to EcoRV - 
Eco47III digested plasmid pYZ9a in a three way ligation. The resulting plasmid 
pYZ21 contains 360 bp deletion (nt 1460-1820) in ElB sma " region and an 

30 engineered Spel site. Finally, a 5.506 kb Hpal - Aspl fragment of pYZ21 was 
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ligated to 3.374 kb Hpal - Aspl fragment of pPAVXhoIRL to create plasmid 
pYZ21a. The recombinant PAV-3 genome containing deletions in the ElB sma!l 
and the E3 region (pFPAV212) was generated by homologous DNA 
recombination in £. coli BJ5183 between Xhol linearized pYZ21a and the 
5 genomic DNA from PAV E3 (Reddy et al., 1999(a), supra; Fig.lC). 
Hi) Construction of plasmid pFPA V507. 

Plasmid pPAVXhoIRL was digested partially with Eco47III and ligated to 
Spel linker (triple phase stop [TPS] codon). Plasmid pYZ9 containing Spel linker 
inserted in ElB IarBC ORF was selected. The recombinant PAV-3 genome 
1 0 containing deletion in E3 and insertion in E 1 B !argc (pFPAV507) was generated by 
homologous DNA recombination machinery in E. coli B J5 1 83 between Xhol 
linearized pYZ9 and the genomic DNA from PAV E3 (Reddy et al., 1999(a); Fig. 
ID). 

iv) Construction of plasmid pFPA V214 . 

1 5 A 0.591 kb BamHI - Asel fragment was excised from plasmid pYZ20 and 

ligated to 5.309 bp BamHI - Asel (partial) digested pYZ21 to create plasmid 
pYZ36. Finally, a 4.813 kb Hpal - Aspl fragment excised from plasmid pYZ36 
was ligated to 3.373 kb Hpal - Aspl fragment of plasmid pPAVXhoIRL to create 
plasmid pYZ37. The recombinant PAV-3 genome containing deletions in El A, 

20 ElB sma11 and E3 region (pFPAV214) was generated by homologous recombination 
in E. coli BJ5 1 83 between Xhol linearized plasmid pYZ37 and genomic DNA 
from PAV E3 (Reddy et al., 1999a; Fig. E). The full length plasmid pFPAV214 
contained 727 bp (nt 530 -1230) deletion in El A, 360 bp (nt 1460 - 1820) deletion 
in ElB sma11 and 597bp (nt 27405 - 281 12) deletion in E3. 

25 v > Construction of plasmid vFPA V216. 

Plasmid pYZ20 was digested with Spel, blunt end repaired with T4 
polymerase and ligated to Pmel linker (GTTTAAAC) creating plasmid pYZ39. A 
1.424 kb Asel fragment of plasmid pYZ39 was isolated and ligated to 6.774 kb 
Asel fragment of pYZ37 to create plasmid pYZ40. Finally, a 1 .730 kb NruI-PvuII 

30 fragment (containing human cytomegalovirus (HCMV) immediate early 
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promoter, GFP gene and bovine growth hormone (BGH) poly(A) signal) was 
excised from plasmid pYZ41a (Zhou et al, 2001, Virology) and ligated to Pmel 
digested pYZ40 to create plasmid pYZ42. The recombinant PAV-3 genome 
containing GFP expression cassette insertion in El A region of El A, ElB smal! and 
5 E3 deleted regions was generated by homologous recombination in E. coli BJ51 83 
between Xhol linearized pYZ42 and genomic DNA from PAV E3 ( Reddy et al., 
1 999, supra) 

Transfection and isolation of PAV-3 mutant viruses 
VIDO Rl cell monolayers seeded in 6-well plate were transfected with 5- 
10 10 Hg of Pad-digested pFPAV21 1, pFPAV212, pFPAV214, pFPAV216 or 
pFPAV507 recombinant plasmid DNAs using the Lipofectin method (Gibco 
BRL). After 7-10 days of incubation at 37°C, the transfected cells showing 50% 
cytopathic effects were collected and freeze-thawed three times. Finally, the 
recombinant virus was plaque purified and expanded in VIDO Rl cells. 
15 Virus growth curve 

VIDO Rl or ST cells were infected with mutant or wild-type PAV-3 at an 
MOI of 5. The infected cells, harvested at indicated times post infection were 
lysed in the infection medium by three rounds of freeze-thaw. Virus titers were 
determined by serial dilution infections of VIDO Rl cells followed by 
20 immunohistochemical detection of DNA binding protein. Titers were expressed 
as infectious unit (IU), in which 1 IU was defined as one positive stained focus at 
3 days post infection. 
Western blot 

For Western blot, about 1X1 0 6 VIDO Rl or Swine Testicular (ST) cells 
25 (ATCC catalogue no. CRL 1746) were infected with recombinant or wild-type 
PAV-3 at an MOI of 5. At indicated times post infection, the cells were collected 
and lysed in 100^1 ofRIPA (0.15MNaCl, 50mMTris-HCl pH8.0, l%NP-40, 1% 
deoxycholate, 0.1% SDS). Proteins were resolved on SDS-PAGE under the 
reducing condition and electrotransferred to nitrocellulose membrane (Bio-Rad). 
30 Nonspecific binding sites were blocked with 1% bovine serum albumin fraction 
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V, and the membrane was probed with the protein specific rabbit polyclonal 
serum. The membrane was washed and exposed to goat anti-rabbit IgG 
conjugated to alkaline phosphatase and developed using an alkaline phosphatase 
color development kit (Bio-Rad). 
5 Radioimmunoprecipitation 

VIDO Rl cells in six well plates were infected with wild-type PAV-3 at an 
MOI of 5. After virus adsorption for 1 h, the cells were incubated in MEM 
containing 5% FBS. At different times post-infection, the cells were incubated in 
methionine-cysteine free MEM for 1 h before labeling with [ 35 S] methionine - 
10 cysteine (100 |iCi/well). After 6 or 24 h of labeling, the cells were harvested. 
Proteins were immunoprecipitated from cells lysed with modified 
radioimmunoprecipitation (RIPA) buffer and analyzed by SDS-PAGE as 
described previously (Tikoo et al, 1993, J. Virol 67:726-733). 

Results 

1 5 The results of the experimentation disclosed below indicate that El A is 

essential for virus replication and is required for the activation of other PAV3 
early genes; ElB smal, is not essential for replication of PAV-3; and ElB ,arge is 
essential for virus replication. The results also demonstrate expression of a 
desired transgene in a recombinant porcine adenovirus vector comprising a 

20 deletion in El A, ElB sma " and E3. 

Characterization of PAV-3 El proteins 

In order to identify and characterize the proteins encoded by El region of 
PAV-3, anti-El A, anti-El B sman and ElB larBC sera were produced by immunizing 
rabbits with 300 ug of gel purified GST-protein (glutathione S-transferase) 

25 fusions. Sera collected after the final boost was analysed by in vitro transcription 
and translation assays to determine specificity of the antibodies in the rabbit sera. 
The plasmids pSP64-PEl A, pSP64-PE!Bs and pSP64-PElBl were generated in 
which coding sequence of El A, ElB smal1 and ElB ,arse> respectively, was placed 
downstream of the SP6 promoter (pSP64polyA vector containing SP6 promoter 

30 from Promega, Cat. No. P1241). In vitro translation of pSP64-PElA RNA 



WO 03/040305 PCT/1B02/05829 



resulted in the synthesis of a polypeptide of 35 kDa (Fig. 10, lane 9), which was 
recognized by anti-El A serum (Fig. 10, lane 7). In vitro translation of pSP64- 
PElBs RNA resulted in the synthesis of a polypeptide of 23 kDa (Fig. 10, lane 6) 
which was recognized by anti-El B sma11 serum (Fig. 10, lane 4). Similarly in vitro 
5 translation of pSP64-ElBl RNA resulted in the synthesis of a polypeptide of 53 
kDa (Fig. 10, lane 3), which was recognized by anti-El B Iargc serum (Fig. 10, lane 

1) . These proteins were not immunoprecipitated with anti-El A serum (Fig. 10, 
lane 8), anti-ElB sma11 serum (Fig. 10, lane 5) or anti-ElB Iarsc serum (Fig. 10, lane 

2) from reactions in which pSP64polyA (negative control plasmid) was translated 
10 in vitro. 

To further characterize the proteins and to confirm the specificity of the 
antisera, radioimmunoprecipitation assays were performed. Anti-El A serum 
detected a protein of 35 kDa in PAV-3 infected (Fig. 11 A, lane 1-2) but not in 
mock-infected cells (Fig. 1 1 A, lane 3). The 35 kDa protein was detected at 6 h 

1 5 (Fig. 1 1 A, lane 1) and 24 h (Fig. 1 1 A, lane 2) post infection. Anti-ElB sma11 
detected a protein of 23 kDa in PAV-3 infected (Fig. 1 IB, lane 1-2) but not in 
mock infected (Fig. 1 IB, lane 3) cells. The 23 kDa protein was detected at 6h 
(Fig. 1 IB, lane 1) and 24 h (Fig. 1 IB, lane 2) post infection. Similarly, anti- 
ElB ,aiBC serum detected a protein of 53 kDa in PAV-3 infected (Fig. 1 1C, lane 1- 

20 2) but not in mock infected cells. The 53 kDa protein was detected at 6h (Fig. 
1 1C, lane 1) and 24 h (Fig. 1 1C, lane 2) post infection. 

Generation of PAV-3 El deletion / insertional mutants 
Taking advantage of homologous recombination in E.coli strain BJ5183, 
three fiill-length plasmids were constructed a) pFPAV21 1 containing deletions in 

25 El A (nt 530 -1230) and E3 (nt 281 12-28709) regions, b) pFPAV212 containing 
deletions in ElB sma,, (nt 1460-1820) and E3 (nt 281 12-28709) regions and c) 
pFPAV507 containing TPS codon in ElB largc (nt 2190) and deletion of E3 (nt 
281 12-28709) region (all nucleotide numbers are with reference to Figure 1). The 
Pad digested pFPAV21 1 or pFPAV212 plasmid DNAs were transfected into 

30 VIDO Rl cells and produced cytopathic effects in 10-14 days. However, repeated 

54 



WO 03/040305 PCT/IB02/05829 



transfection of VIDO Rl cells with Pad digested pFPAV507 DNA did not 
produce any cytopathic effects. The infected cell monolayers were collected and 
freeze-thawed, and recombinant viruses were plaque purified and propagated in 
VIDO Rl cells. The recombinant PAVs were named PAV21 1 (El A + E3 
5 deletion) and PAV212 (ElB smal1 + E3 deletion). The viral DNA was isolated from 
virus infected cells by Hirt extraction method (Hirt, 1967, J. Mol. Biol.26:365- 
369) and analysed by agarose gel electrophoresis after digestion with restriction 
enzymes. Since PAV21 1 and PAV212 genomes contain an additional Spel site in 
place of El A or ElB sma11 regions respectively, the recombinant viral DNAs were 

10 digested with Spel. As seen in Fig. 12A, compared with wild-type PAV-3 (lane 
3), the PAV21 1 (lane 1) or PAV212 (lane 2) genomes contain an additional 
expected band of 527 bp and 1463 bp respectively. 

The ability of PAV21 1 and PAV212 to produce El A and ElB^ 1 or DNA 
binding protein (DBP) was tested by Western blot analysis of these proteins from 

15 lysates of virus infected Swine Testicular (ST) cells using PAV-3 E1A, ElB smaI1 
or DBP specific anti-serum. DBP anti-serum was prepared in the following 
manner. A 900-bp fragment coding for the PAV-3 DBP (amino acids 102 to 457) 
was amplified by PCR using primers PDBP-3 (5'- CGG GAT CCG GCC GCT 
GCT GCA GCT-3*), PDBP-4 (5'-GCG TCG ACT CAA AAC AGG CTC TCA 

20 T-3')andplasmidPAV3c63 (DBP cDNA) (Reddy et ai, 1998, Virology 25 1:4 14- 
426) DNA as a template. The PCR fragment was digested with BamHI - Sail and 
ligated to BamHI - Sail digested plasmid pGEX-5X-3 (Pharmacia Biotech) 
creating plasmid pPDBPL8. This plasmid contains the coding region of DBP 
(amino acids 102 to 457) fused in-frame to the C- terminus of Schistosoma 

25 japonicum 26-kD glutathione S-transferase (GST) gene. 

Competent Escherichia coli BL21 were transformed with either plasmid 
pPDBPL8 or plasmid pGEX-5X-3. Overnight cultures of 1 00 ml LB broth were 
inoculated and grown until OD600 reached 0.5. Cultures were induced for 4 h in 
lOmM IPTG (isopropyl-l-thio-p-D-galactopyranoside). Cells were pelleted and 

30 resuspended in 5 ml PBS. The cells were lysed by sonication and the supernatant, 
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collected after centrifugation was applied to GST column. The matrix was washed 
by the addition of 10 bed volumes of PBS and the fusion protein bound to the 
column was eluted in glutathione elution buffer. The insoluble protein retained in 
the cell pellet was purified by sodium dodecyl sulphate (SDS)-polyacrylamide gel 
5 electrophoresis (PAGE). The area containing the protein was excised and eluted 
by incubating the gel slice in 20 ml water at 4°C overnight. 

Rabbits were immunized subcutaneously with purified GST-DBP fusion 
protein in freund f s complete adjuvant followed by two injections in Freund's 
incomplete adjuvant at two weeks interval and DBP anti-serum was collected. 

10 Wild-type PAV-3 (Fig. 13C, lane 3) or PAV212 (Fig. 13C, lane 1) 

infected cells produced an El A protein of 35 kDa. No such protein was detected 
in PAV21 i (Fig. 13C, lane 2) infected cells. Similarly, wild-type PAV-3 (Fig. 
13B, lane 3) and PAV212 (Fig. 13B, lane 1) produced a DBP protein of 50 kDa. 
No such protein was detected in PAV21 1 (Fig. 13B, lane 2) infected cells. In 

15 addition, wild-type PAV-3 (Fig. 13A, lane 3) infected cells produced an ElB 5 ™ 11 
protein of 23 kDa (Fig. 13B, lane 3). However, no such protein was detected in 
PAV21 1 (Fig. 13A, lane 2) or PAV212 (Fig. 13A, lane 1) infected cells. 
Construction of El A ± ElB sma11 ± E3 deletion mutant of PAV-3 
In order to increase insertion capacity of the PAV-3 vector, a full length 

20 plasmid pFPAV214 carrying deletions in El A (nt 530-1230), ElB sma11 (nt 1460- 
1820) and E3 (nt 281 12-28709) was constructed by homologous recombination in 
E. coli BJ5 1 83. Transfection of VIDO Rl cells with Pad digested plasmid 
pFPAV214 DNA produced cytopathic effects in 7-10 days. The recombinant 
PAV-3 named PAV214 was plaque purified and expanded in VIDO RI cells. The 

25 viral DNA was extracted and analyzed by agarose gel electrophoresis after 

digestion with Nhel. As seen in Fig. 12B, the wild-type PAV-3 had a fragment of 
1.430 kb (lane 2) that was missing in PAV214, which instead had a fragment of 
0.737 kb (lane 1). 

Construction of El A+ElB sma!1 + E3 deleted PAV-3 expressing GFP 
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In order to determine if PAV214 genome (El A, E1B and E3 deleted) 
is useful for expression of foreign genes, a recombinant PAV-3 expressing Green 
fluorescent protein (GFP) was constructed. The full-length GFP gene (flanked by 
the HCMV promoter and BGH poly (A) signal) was inserted into the El A region 
5 of pFPAV214 in the same transcriptional orientation as El (using the 

homologous recombination machinery of E. coli) creating plasmid pFPAV216. 
The Pad digested pFPAV216 DNA was transfected into VIDO Rl cells to isolate 
recombinant vims PAV216. The viral DNA was extracted and analysed by 
agarose gel electrophoresis after digestion with restriction enzyme. Since there is 

10 an Asel site in the CMV promoter, insertion of GFP transcription cassette in the 
El A region of PAV214 genome was confirmed by Asel digestion. As seen in 
Fig. 12C, wild-type PAV-3 had a fragment of 1.274 kb (lane 1) that is missing in 
PAV216, which instead had two fragments of 0.584 kb and 1.739 kb (lane 2). 
Expression of GFP protein was confirmed by Western blot using GFP specific 

1 5 polyclonal antibody (Clonetech). As seen in Fig. 14, the GFP could be detected in 
PAV216 infected VIDO Rl cells at 24 h.p.i. (lane 4) and 48 h.p.i. (lane 5). The 
size of GFP expressed in cells infected with virus is similar to that of purified 
GFP protein (lane 2), which is 28 kDa in size. No such protein could be detected 
in mock-infected cells (lane 1) or wild-type PAV-3 infected cells (lane 3). 

20 Growth kinetics of PAV21 L PAV212. PAV214 and PAV216 

In order to determine the importance of El A and ElB sma11 in viral replication, the 
ability of mutant viruses to grow in VIDO Rl cells and Swine Testicular (ST) 
cells was compared to that of wild- type PAV-3. Virus infected cells were 
harvested at different times point infection, freeze -thawed three times and the cell 

25 lysates were analyzed for virus titer by DBP detection assay. Virus titers were 
determined as infectious units (IU) by qualitative DNA binding protein immuno- 
peroxidase staining. The cell monolayers in 12-well plates were infected with 
serial dilutions of virus. After adsorption of virus for 90 min, the cells were 
washed and overlaid with MEM containing 2% FBS and 0.7% agarose (Sigma, 

30 low melting temperature). On day 3 post infection, the agarose overlay was 
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carefully removed, the cells were permeabilized with methanol/acetone (1:1 in 
volume) for 10 min at -20°C and finally washed with PBS. Non-specific binding 
sites were blocked by incubating the cells in PBS containing 1% bovine serum 
albumin for 2 hr at room temperature. The blocking solution was removed and 
5 rabbit anti-PAV-3 DBP serum diluted in PBS was added to the plates. After 1 hr 
incubation at room temperature, the plates were washed with PBS and then 
processed using Vectastain Elite ABC kit (Vector Laboratories) containing 
biotinylated anti-rabbit IgG and HRP-steptavidin complex. Finally, the reaction 
was developed by the addition of substrate 3,3 -diaminobenzidine (DAB) 

10 tetrahydrochloride. Titers were expressed as IU in which 1 IU was defined as one 
positively stained cell/foci at 3 days post infection. Virus titres were also 
determined using conventional plaque assay. 

Wild-type PAV-3 titer was 5.2 x 10 7 IU\ml at 72 h p.i. on VIDO Rl cells. 
The titers of mutant viruses were between 2xl0 7 -3.2 x 10 7 IU/ml, which are quite 

1 5 similar to that of wild-type PAV-3 virus. Therefore, PAV vectors with deletions in 
E1A and /or BIB 5 ™" did not have any affect on the ability of PAV-3 to propagate 
in VIDO Rl cells (El complementing cell line) (Fig. 15A). In contrast, we could 
not observe any progeny virus production in PAV21 1 , PAV214 and PAV216 
infected ST cells (El non complementing). The virus titers at 72 h.p.i. were never 

20 more than 2 x 10 5 IU/ml, which was lower than the amount of input virus (Fig. 
15B). All of these three viruses carry deletions in El A region. Most notably, 
mutant virus PAV212 that carried deletions in BIB 5 " 13 " region was able to grow 
both in complementing and non-complementing cell lines (Fig.lSA and 15B). At 
72 h.p.i. the production of PAV212 in VIDO Rl and ST cells were 3,3x 10 7 IU/ml 

25 and 3.9x 10 7 IU/ml respectively. 
Example 11 

Generation of El-complementing cell line 
The production of El -deleted adenovirus vectors relies on trans- 
complementation of the El functions in helper cells. Cell line VIDO-R1 was 
30 generated by transformation of fetal porcine retina cells with the plasmid DNA 

58 



WO 03/040305 PCT/IB02/05829 



containing the El sequence of HAdV-5 (Reddy et al., 1999; ATCC accession 
number PTA-1 55). Using this complementing cell line the recombinant PAdV-3 
with deletions in El A (nt 530-1230); BIB 5 ™" (nt 1460-1820) and E3 nt (281 12- 
28709) has been rescued (Zhou and Tikoo, 2001, Virology, 291 :68-76). However, 
5 attempts to rescue the recombinants with increased deletion size were 

unsuccessful. We suggested that for rescuing the El -deleted PAdV-3 the E1B- 
large protein of PAdV-3 is needed. To check this hypothesis, a new cell line, 
stably expressing the gene for PAdV-3 ElB-large protein was developed. 

The gene encoding PAdV 3 E1B large protein was cloned into plREShyg 

10 vector. This vector contains the human CMV promoter, the internal ribosome 
entry site (IRES) of the encephalomyocarditis virus and hygromyrin B 
phosphotransferase gene. IRES permits the translation of two open reading 
frames from one mRNA. VIDO-R1 cells (fetal porcine retina cells transformed 
with HAdV 5 El) were transfected with pIREShygElBL DNA and selected with 

1 5 hygromycin B. About 20 days post- transfection hygromycin-resistant colonies 
were observed. A new cell line was established following single cell cloning and 
designed VR1BL. 

To study whether the cell line contains PAdV-3 ElB-large sequence, 
integrated into the genome, Southern blotting analysis was performed on total 

20 DNA extracted from the cells. As a probe, the 32 P-labeled DNA of E 1 B-large 
gene was used. This probe hybridized with the 1 .9 kb- Hindlll fragment of 
pIREShygElBL, containing the gene for PAdV-3 E1BL (large) (Fig. 16B ) that 
has been found in the genome of the VR1E1BL cell clones. 

To study the PAdV-3 ElB-large gene expression in the VR1BL cells, 

25 reverse transcriptase (RT) PCR was carried out using primers specific to the 

portion of PAdV-3 ElB-large gene. From the RT-PCR, a product of the expected 
size (3 1 7 bp) was obtained (Fig. 1 7). No PCR product was observed in "no RT" 
control, suggesting that this product came from mRNA template but not from 
DNA. 
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To confirm the expression of PAdV-3 E1BL protein, the VR1BL cell line 
was subjected to immunofluorescence analysis, using rabbit polyclonal antisera 
against PAdV-3 E IB-huge protein. The VR1BL cells showed positive nuclear 
staining (Figs. 1 8A-1 8B). At the same time, parent VIDO-R1 cells were negative. 

5 

Example 12 

Construction of the El -deleted mutants of PAdV-3 
Taking advantage of homologous recombination in E. coli strain BJ5183, 
the plasmid pFPAV227 was constructed, containing full-length genome of PAdV- 
1 0 3 with the deletion of El (nt 524-3274) and a partial deletion of E3 (nt 28, 1 1 2- 
28,709). Transfection of VR1BL cells with Pad digested pFPAV227 DNA 
produced cytopathic effect in 14 days. 

Another plasmid called pFPAV219 contained the full-length genome of 
PAdV-3 with the same deletions in the El and E3 regions, but it had the insertion 
1 5 of 2320 bp DNA fragment, containing GFP-expressing cassette (human CMV 
promoter, bovine growth hormone poly(A) signal) in the El region. Transfection 
of VR1BL cells with Pad digested pFPAV219 DNA also produced cytopathic 
effect in 14 days. 

The recombinant viruses named PAV219 and PAV227 were plaque- 
20 purified and expanded using VR1BL cell line. The viral DNA was extracted from 
the infected cells and analyzed by agarose gel electrophoresis after digestion with 
Spel (Fig. 19 ). PAdV-3 has two Spel sites that give 724 by DNA fragment after 
digestion. PAV227 genome has an addition Spel site that has been introduced in 
place of El deletion. The Spel-digestion of the PAV227 genome gives an 
25 additional 527 by DNA fragment. The genome of PAV219 has two Spel sites in 
the GFP-expression cassette. The digestion with Spel leads to appearing the 849 
bp and 547 bp DNA fragments. 

To detect GFP expression by PAV219, ST cells were infected with m.o.i. 
1 TCEDso/celi and 100 TCID 50 /cell. 24 h.p.i. (hours post infection) the cells were 
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harvested and FACS analysis was perfonned. As seen in (Fig 20), the infected 
cells were GFP-positive and the expression was virus dose-dependent. 

Example 13 

5 Infection of human cell lines with PAV219 

To determine if human cell lines could successfully be infected with 
recombinant PAdV-3 vector, the wide panel of different human cell lines was 
infected with PAV219 at m.o.i. 100 TCID 5 o/mo. 24 h.p.i. the cells were harvested 
and GFP expressing cells were analyzed by FACS. The result of this experiment 

10 is present in (Fig. 21). 

Human embryo kidney 293 cell line is the best infectable cell line. 
PAV219 infects 293 cell line as well as porcine ST cells (an average 90% positive 
cells). PAV219 infects SAOS-2 osteosarcoma well, too (68%). HeLa and Hep2 
carcinomas, Ul 18-MG glioblastoma and MRC-5 lung fibroblasts could be 

15 infected with recombinant porcine virus (from 47% to 26% positive cells in these 
cell lines). The low infectable cell lines were A549 lung carcinoma and SK-N- 
MC neuroblastoma. 

Pre-existing neutralizing antibodies against adenoviruses in the vast 
majority of the human population represent a major hurdle to the use of human 

20 adenovirus derived vectors for gene delivery. One of the ways to overcome this 
problem is a development of non-human viral vectors for human vaccination and 
gene therapy. PAV vectors disclosed herein can be used for human therapeutic 
and prophylactic purposes. Antibodies against HAdV-5 do not neutralize PAdV-3 
in vitro and in vivo (Moffat et al., 2000, Virology, 272:159-167). 

25 At present, adenovirus vectors are constructed by replacing the essential El 

region with a foreign gene. It is necessary to have El region deleted due to safety 
reasons. The proteins encoded by this region interfere with the processes of cell 
division and with the regulation of NF-kB and p53 (Russel, 2000, J. of Gen. Virol 
81 :2573-2604). The El -deleted viruses are replication-defective and therefore 

30 they must be propagated in a cell line that expresses El proteins. 
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VIDO-R1 cell line (porcine retina cells, transformed with HAdV-5 El 
(Reddy et al., 1999) can support the growth of E1A + ElB-small deleted PAdV-3 
(Zhou and Tikoo, 2001, supra). The recombinant with insertional inactivation of 
the ElB-large could not be rescued using VIDO-R1 (Zhou and Tikoo, 2001, 
5 supra). It is possibly due to non-complementation of HAdV-5 55 kDa protein of 
the PAdV-3 ElB-large defect. 

VIDO-R1 cells were transformed with the plasmid containing the gene for 
PAdV-3 ElB-large protein under control of human CMV promoter. The gene was 
followed by IRES of the encephalomyocarditis virus and hygromycin B 

10 phosphotransferase gene. This construct is expected to be very effective for stable 
transfection because the selective marker and gene of interest is translated from 
the same mRNA. Indeed, all analyzed hygromicin-resistant clones were positive 
for PAdV-3 ElB-large gene expression. 

Using new VR1BL complementing cell line we rescued recombinant 

1 5 PAV227. This virus lacks the El region (nt 524-3274) and partially E3 (nt 

28,1 12-28,709). This increases the safety of the vector and increases the expected 
packaging capacity of PAdV-3 vector up to 5 kb of foreign DNA. 

The construction of PA V2 19, a GFP-expressing recombinant, further 
demonstrated the feasibility of using this vector system for foreign gene 

20 expression. The construction of this recombinant greatly facilitates the study of 
PAdV-3 infection of different cultured cells and animals. 

PAV219 was used to screen a panel of human cell lines for the possibility 
of PAdV-3 infection. Human 293 cells were infected as well as swine cells. 
SAOS-2 osteosarcoma cells were infected very well with PAdV-3. 

25 PAdV-3 did not infect A549 and Hep2 cells well that are well infectable 

with HAdV-5 (Horwitz, 1996). For HAdV-5, virus attachment to the cells is 
mediated by coxsackievirus and adenovirus receptor (CAR) (Bergelson et al., 
1997, Science 275:1320-1323; Tomko et al., 1997, P.N.A.S USA, 94:3352-3356). 
Without being bound by theory, the fact that PAdV-3 infects A459 and Hep2 cells 

30 poorly suggests that PAdV-3 uses a primary receptor that is distinct from CAR. If 
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PAdV-3 is using a receptor distinct from CAR receptor, it is possible that some 
cells will be better infected by P AdV-3 than HAdV-5 and vice versa. Some of the 
members of Adenoviridae family use the primary receptor distinct from CAR (Xu 
and Both, 1998, Virology, 248:156-163; Stevenson etal., 1995,J. Virol 69:2850- 
5 2857; Tan et al., 2001, J. Gen. Virol 82: 1465-1472). 



Example 14 

Characterization of E4 region 
Materials and Methods 
10 Cells and viruses 

The 6618 strain of PAV3 and all the mutant viruses were cultivated in ST 
cell line. Eagle's Minimum Essential Medium (MEM) with 2% fetal bovine 
serum (FBS) was used for growth of infected cell. Virus stocks were prepared in 
ST cells and viral DNA were extracted from the infected cells me the method of 
15 Hirt (1967). All the virus stocks were prepared and tittered using ST cell line. 
Construction of recombinant plasmid 

The recombinant plasmid vectors were constructed by standard procedures 
using restriction enzymes and other DNA-modifying enzymes as directed by the 
manufacturers. In order to create deletions in the PAV3 E4 region, plasmid 

20 pPAV200 containing the full-length PAV3 genome in pPOLYSYN was digested 
by BamHI and the 5050bp right terminal fragment was gel-purified and self- 
ligated as plasmid pPAV400 which contains the whole E4 region of PAV3. A set 
of deletion vectors which contain deletions of orfs in E4 region of PAV3 were 
constructed using plasmid pPAV400 and PGR method. These deletion vectors 

25 were screened and determined using different restriction enzymes. Later, these 
deletion vectors were digested with restriction enzymes and the fragments with 
deletions were gel-purified. Homologous recombination was carried out in B J 
5183 cell line using the deletion fragments and linearized full-length genomic 
DNA. E4 modified full-length clones were screened and determined by the 
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digestion with different restriction enzymes. The full-length clones with different 
deletions are shown in Figures 22A-22C. 
Transfection of cells 

Monolayers of ST cells grown in 60 mm dish were transfected with 5 or 
5 7.5 ug of various Pad-digested recombinant full-length plasmid DNA using 
Lipofectin (Gibco BRL). Following Transfection, cells maintained in MEM 
containing 2% FBS at 37 °C for three to four weeks until cytopathic effects 
appeared. Cells showing 80% CPE were harvested and freeze-thawed three times 
and recombinant viruses were confirmed by restriction enzyme analysis. 

10 Polymerase chain reaction 

PCR was carried out to verify the deletion created in the E4 mutant 
viruses. ST cells were infected with the various mutant viruses and wild type 
PAV3, and viral DNA was extracted according to the method of Hirt (1967). 
PCR products were generated by using primers in the 5* and 3' flanking regions 

15 of the deletions. The 50 ul of PCR mix contained 0.2 pmol of each primer, IX 
reaction buffer, 0.2 mM dNTPs, 1U pfu polymerase, and the viral DNA template. 
The PCR procedure was designed with 35 cycles of denaturation at 94°C for 30 
seconds, annealing at 55 °C for 30 s, and 72 °C for 2 min. This was preceded by 
an initial denaturing step of 94 °C for 5 min and completed by a final extension 

20 step of 72 °C for 5 min. The PCR products were analyzed by electrophoresis in a 
1% agarose gel and visualized with ethidium bromide. The results of PCR 
analysis are shown in Figure 24. 
Virus growth curve 

ST cells were infected with wild-type or mutant viruses at 10000 of 
25 TCID50 in six-well plate. The infected cells were harvested at 12, 24, 36, 48 and 
72 hours post infection, after three rounds of freezing-thawing, virus lysis was 
titrated by serial dilution infection of ST cells in 96-well plates and virus titers 
were expressed at TCID50. 

Example 15 

30 Construction and analysis of E4 mutant viruses 
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The E4 region encoded proteins of human adenoviruses show redundant 
properties. For the purpose of analysis of porcine adenovirus 3 E4 encoded 
proteins, a series of E4 mutant full-length plasmids have been constructed. 
Initially, each of the E4 orfs were deleted, separately, and then deletions of two 

5 neighbor orfs were conducted. All the full-length mutant plasmids were cut using 
Pad and the linearized plasmid DNAs were used for the transfection of the ST 
cell line. A series of mutant viruses containing E4 orfl, orf2, orf4, orf5, orf6, orf7, 
orfl&2, orf4&5, orf5&6, orf6&7 were rescued from the transfected cells eight to 
fifteen days later, however, we could not rescued viruses from the transfection 

1 0 with the full-length plasmids containing the deletion of orD, orf2&3, orf3&4, 
even if we repeated the transfection several times. The results of transfection in 
ST cells are shown in Table 4. 



Table 4: Results of the Transfections in ST Cells 



Full-length plasmids 


Mutant viruses 


CPE 


pPAV200 


PAV200(WT) 


Yes 


pPAV200dl 


PAV401 


Yes 


pPAV200dl2 


PAV412 


Yes 


pPAV200d2 


PAV402 


Yes 


pPAV200d23 


PAV423 


No 


pPAV200d3 


PAV403 


No 


P PAV200d34 


PAV434 


No 


pPAV200d4 


PAV404 


Yes 


P PAV200d45 


PAV445 


Yes 


P PAV200d5 


PAV405 


Yes 


pPAV200d56 


PAV456 


Yes 


pPAV200d6 


PAV406 


Yes 


pPAV200d67 


PAV467 


Yes 


pPAV200d7 


PAV407 


Yes 



15 
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The deletion size, location, inserted linkers, and the names of the modified 
full-length plasmids and the mutant viruses are summarized in Table 5. 

To determine the presence of the deletion in the mutant viruses, both 
restriction enzyme digestion and PCR were carried out. First, the viral DNAs 
5 were isolated from mutant virus infected ST cells and digested with unique 
enzyme Avrll which is the inserted linker. Two bands could be observed in the 
mutant virus DNA samples and all the virus have the expected bands, however, 
only one band could be seen in the wild-type PAV3 DNA sample. The result of 
restriction enzyme analysis is shown in Figure 23. Second, the specific deletions 
10 in the mutant viruses were confirmed by PCR analysis. Three sets of PCR primers 
from the flanking regions of the deletions were synthesized and mutant viral DNA 
were PCR amplified and the PCR products were visualized on 1% agarose gel. 
The shift of the size of PCR products from the mutant viral DNA were observed 
compared to the wild-type PAV3 genomic DNA and all of the mutant viral DNAs 
1 5 produced the expected smaller PCR bands. The results of the PCR analyses are 
summarized in Figure 24. 

In vitro analysis of PAV3 E4 mutant viruses 

To analyze whether the single orf deletion or the combined deletions had a 
noticeable effect on the capacity of PAV3 to replicate in vitro, single step growth 

20 curve analysis of the mutant viruses was conducted in ST cell line. ST cells were 
infected with lO'hTCID 50 of mutant viruses and the infected cells were harvested at 
12, 24, 36, 48 and 72 h post-infection. Virus lysate from each sample was released 
by freeze-thawing three times and titrated on ST cell line by analysis of the 
TCID 50 . Mutant virus with deletion of orfl, orf2, orf4, and orfl&2 grew 

25 comparable efficiencies compared to wild-type PAV3. However, the mutant 
viruses with deletion of orf 5, orf6, orf7, orf4&5, orf5&6, orf6&7 grew a little 
slower compared to PAV3. 

Table 5: Characterization of E4 Mutant Viruses. The table summarizes 
the name of fiill-length plasmid with different deletions, the open-reading frames 

30 deleted, the deletion region, the deletion size, the linker inserted in the deletion 
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region, the name of the mutant viruses and the transfection results. CPE means 
cytopathic effect. 

Table 5: Characterization of E4 Mutant Viruses 
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10 



Deposit of Biological Materials 

The following materials were deposited with the ATCC: 

Porcine embryonic retinal cells transformed with HAV-5 El sequences: 

VIDO Rl cells were deposited at the ATCC and have ATCC accession number 

PTA 155. 

The nucleotide sequences of the deposited materials are incorporated by 
reference herein, as well as the sequences of the polypeptides encoded thereby. In 
the event of any discrepancy between a sequence expressly disclosed herein and a 
deposited sequence, the deposited sequence is controlling. 



While the foregoing invention has been described in some detail by way 
of illustration and example for purposes of clarity of understanding, it will be 
apparent to those skilled in the art that various changes and modifications may be 
practiced without departing from the spirit of the invention. Therefore the 
1 5 foregoing descriptions and examples should not be construed as limiting the scope 
of the invention. 
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CLAIMS 

What is claimed is: 

1 . A replication-defective recombinant PAV vector, comprising at 
least one heterologous nucleotide sequence, wherein the PAV vector lacks El A 
function and retains ElB sma " function. 

2. The replication-defective recombinant PAV vector according to 
claim 1, wherein the vector comprises a deletion of part or all of the El A gene 
region. 

3. The replication-defective recombinant PAV vector according to 
claim 1, wherein the vector comprises an insertion in the El A gene region that 
inactivates El A function. 

4. The replication-defective recombinant PAV vector according to 
claim 1 wherein the vector lacks ElB laise function. 

5. The replication-defective recombinant PAV vector according to 
claim 4 wherein the vector comprises a deletion of part or all of the ElB large 
region. 

6. The replication-defective recombinant PAV vector according to 
claim 4 wherein the vector comprises an insertion in the ElB ,argc gene region that 
inactivates ElB ,arge function. 

7. The replication-defective recombinant PAV vector according to 
claim 1 wherein the vector comprises a deletion of part or all of the E3 region 
and/or part or all of non-essential E4 region. 

8. The replication-defective recombinant PAV vector according to 
claim 4 wherein the vector comprises a deletion of part or all of the E3 region 
and/or part or all of non-essential E4 region. 

9. A replication-defective recombinant PAV vector, comprising at 
least one heterologous nucleotide sequence, wherein the PAV vector lacks 
ElB ,argc function and retains ElB smaM function. 
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1 0. A replication-defective recombinant PAV vector comprising at 
least one heterologous nucleotide sequence, wherein the PAV vector lacks El A 
function and ElB sma " function and retains ElB largc function. 

1 1 . The replication-defective recombinant PAV vector according to 
claim 10 wherein the vector comprises a deletion of part or all of the El A and 
ElB sma11 regions. 

12. The replication-defective recombinant PAV vector according to 
claim 10, wherein the vector comprises a deletion of part or all of the E3 region 
and/or part or all of non-essential E4 region. 

13. The replication-defective recombinant PAV vector according to 
claim 10, wherein the vector comprises an insertion in the El A gene region that 
inactivates El A function. 

14. A replication-defective recombinant PAV vector, comprising at 
least one heterologous nucleotide sequence, wherein the PAV vector lacks E4 
ORF3 function. 

15. The replication-defective recombinant PAV vector according to 
anyone of claims 1-14, wherein the heterologous nucleotide sequence encodes an 
antigen. < 

16. The replication-defective recombinant PAV vector of claim 15, 
wherein the heterologous nucleotide sequence encodes a polypeptide selected 
from the group consisting of coagulation factors, growth hormones, cytokines, 
lymphokines, tumor-suppressing polypeptides, cell receptors, ligands for cell 
receptors, protease inhibitors, antibodies, toxins, immunotoxins, dystrophins, 
cystic fibrosis transmembrane conductance regulator (CFTR), immunogenic 
polypeptides and vaccine antigens. 

1 7. A recombinant PAV vector comprising at least one heterologous 
nucleotide sequence, wherein said vector lacks ElB smal1 function and retains El A 
and El B ,argc function. 

18. The recombinant PAV vector of claim 17 comprising a deletion of 
part or all of the ElB sma " region. 
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19. The recombinant PAV vector of claim 17 wherein said vector lacks 
E3 function and/or part or all of non-essential E4 function. 

20. The recombinant PAV vector of claim 1 9 comprising a deletion in 
part or all of the E3 region and/or part or all of non-essential E4 region. 

21. The recombinant PAV vector of anyone of claims 17-20 wherein 
said heterologous nucleotide sequence encodes a therapeutic protein. 

22. The recombinant PAV vector of anyone of claims 1 7-20 wherein 
said heterologous nucleotide sequence encodes an antigen. 

23. The replication-defective recombinant PAV of anyone of claims 1- 
16 wherein said PAV is PAV3. 

24. The recombinant PAV of anyone of claims 17-22 wherein said 
PAV is PAV3. 

25. A host cell comprising the replication-defective recombinant PAV 
according to anyone of claims 1-16. 

26. A host cell comprising the recombinant PAV according to anyone 
of claims 17-22. 

27. A method for producing a recombinant PAV that comprises 
introducing the PAV vector of anyone of claims 1-8 into a helper cell line that 
expresses El A function and recovering virus from the infected cells. 

28. A method for producing a recombinant PAV that comprises 
introducing the PAV vector of claims 4-8 into a helper cell line that expresses 
El A and ElB large function and recovering virus from the infected cells. 

29. A recombinant mammalian cell line that comprises nucleic acid 
encoding mammalian adenovirus El A function and lacks nucleic acid encoding 
mammalian adenovirus ElB sma11 function. 

30. A recombinant mammalian cell line that comprises nucleic acid 
encoding mammalian adenovirus ElB largc function and lacks nucleic acid 
encoding mammalian adenovirus ElB sma " function. 

3 1 . The recombinant mammalian cell line of claim 29, wherein said 
nucleic acid encodes human E1A function. 
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32. The recombinant mammalian cell line of claim 30, wherein said 
nucleic acid encodes porcine El B ,argc function. 

33. The recombinant mammalian cell line of claim 29 wherein said cell 
line is of porcine origin. 

34. The recombinant mammalian cell line of claim 30 wherein said cell 
line is of porcine origin. 

35. A method for producing a recombinant PAV, the method 
comprising: 

(a) introducing, into an appropriate helper cell line, a 
porcine adenovirus vector comprising ITR sequences, PAV packaging sequences, 
and at least one heterologous nucleotide sequence, wherein said vector lacks El A 
function and retains ElB sma11 function; 

(b) culturing the cell line under conditions whereby 
adenovirus virus replication and packaging occurs; and 

(c) recovering the adenovirus from the infected cells. 

36. The method of claim 35 wherein said PAV is PAV3. 

37. The method of claim 35 wherein said heterologous nucleotide 
sequence encodes an antigen. 

38. The method of claim 35 wherein said heterologous nucleotide 
sequence encodes a therapeutic protein. 

39. The method of claim 35 wherein said vector comprises a deletion 
of part of or all of the El A gene region. 

40. The method of claim 35 wherein said vector comprises an insertion 
in the El A gene region that inactivates El A function. 

41 . The method of claim 35, wherein said vector lacks ElB Iarge 
function. 

42. The method of claim 41, wherein said vector comprises a deletion 
ofpartorall of the ElB ,argc gene region. 

43. The method of claim 41 , wherein said vector comprises an 
insertion in the ElB ,argc gene region that inactivates ElB large function. 
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44. The method of claim 35, wherein said vector comprises a deletion 
in the E3 region and/or part or all of non-essential E4 region. 

45. The method of claim 35, wherein said helper cell line expresses 
mammalian El A function and lacks human E1B function. 

46. The method of claim 41 , wherein said helper cell line expresses 
porcme ElB ,argc function. 

47. The method of claim 45 or 46, wherein said helper cell line 
comprises nucleic acid encoding human El A function. 

48. A viral particle comprising the PAV vector of anyone of claims 1- 



49. A viral particle comprising the PAV vector of anyone of claims 



50. A composition comprising the replication-defective recombinant 
PAV vector of anyone of claims 1-16. 

51. A composition comprising the recombinant PAV vector of anyone 
of claims 17-22! 

52. A composition comprising the viral particle of claim 48 or 49. 

53. A composition capable of inducing an immune response in a 
mammalian subject, said composition comprising a replication-defective 
recombinant PAV vector according to anyone of claims 1-16, wherein the vector 
comprises a heterologous nucleotide sequence that encodes an immunogenic 
polypeptide; and a pharmaceutical^ acceptable vehicle. 



16. 



17-22. 



54. A composition capable of inducing an immune response in a 
mammalian subject, said composition comprising a recombinant PAV vector 
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according to anyone of claims 17-22, wherein the vector comprises a heterologous 
nucleotide sequence that encodes an immunogenic polypeptide; and a 
pharmaceutical^ acceptable vehicle. 

55. The composition of claim 53 or 54, wherein said immunogenic 
polypeptide is a pathogen antigen. 

56. A method for eliciting an immune response in a mammalian host 
comprising administering a composition according to claim 53 or 54 to said 
mammalian host. 

57. A vaccine for protecting a mammalian host against infection 
comprising a replication-defective PAV of anyone of claims 1-16, wherein said 
heterologous nucleotide sequence encodes an immunogenic polypeptide. 

58. A vaccine for protecting a mammalian host against infection 
comprising a recombinant PAV of anyone of claims 17-22, wherein said 
heterologous nucleotide sequence encodes an immunogenic polypeptide. 

59. The vaccine according to claim 57 or 58, wherein said 
immunogenic polypeptide is a pathogen antigen. 
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FIGURE 1-1 



CATCATCAATAATATACCGCACACTTTTATTGCCCCTTTTGTGGCGTGGTGATTGGCGGAGAGGGT 

TGGGGGCGGCGGGCGGTGATTGGTGGAGAGGGGTGTGACGTAGCGTGGGAACGTGACGTCGCGTGG 

GAAAATGACGTGTGATGACGTCCCGTGGGAACGGGTCAAAGTCCAAGGGGAAGGGGTGGAGCCCTG 

GGGCGGTCCTCCGCGGGGCGGGGCCGAGCGGCGGAAATTCCCGCACAGGTGGAGAGTACCGCGGGA 

TTTTGTGCCCTCTGGACCGGACCTTCGCCCTCCGGTGTGGCACTTCCGCACCACACGTCCGCGGCC 

CGGTATTCCCCACCTGACGACGGTGACACCACTCACCTGAGCGGGGTGTCCTTCiGCGCTGAGAGGT 

CCGCGGCGGCCGCCCGAGATGACGTGTGTGGGTGTATTTTTTCCCCTCAGTGTATATAGTCCGCGC 

AGCGCCCGAGAGTCACTACTCTTGAGTCCGAAGGGAGTAGAGTTTTCTCTCAGCGGAACAGACCCT 

CGACATGGCGAACAGACTTCACCTGGACTGGGACGGAAACCCCGAGGTGGTGCCGGTGCTGGAATG 

GGACCCGGTGGATCTGCGCGACCCCTCTCCGGGGGATGAGGGCTTCTGTGAGCCGTGCTGGGAGAG 

TCTGGTO^TGGACTGCCGGACGAGTGGCTGGACAGTGTGGACGAGGTGGAGGTGATTGTGACT 

GGGGGGTGAGTCAGAGGACAGTGGTGGGAGTGCCGCrGGTGACTCAGGTGGCTCTCAGGGGGTCTT 

TGAGATGGACCCCCCAGAAGAGGGGGACAGTAATGAGGAGGATATCAGOGCGGTGGCTGCGGAGGT 

GCTGTCTGAACTGGCTGATGTGGTGTTTGAGGACCCACTTGCGCCACa^ 

CTGCCCCGAGGTACCTGGTGTGAACTGCCGCTCTTGTGATTACCATCGCTTTCACTCCAAGGACCC 

CAATCTGAAGTGCAGTCTGTGCTACATGAGGATGCATGC^ 

GACATTTGTGGGATTATGTGGAAAAAAAGGAAAAAGT^ 

CATTTTTTGTCTTTTTAGAAGCTC^ 

ACCTGCCAGGACGpAAGAGGAAGTACTGCTATGACTCATG 

TGAAGCGCCCCXX5CX^TTAATCATTAACCT 

TCTCTGCCTATATATACXXOTGTGGTTTGCAGGG 

TCATCATOGCTCTGCTTTTTTCTACTGCAGGCTATTTCTTGCTAGCT 

CTGTGGGCATGGACTATCAACTTCTGGCCAAGCT 

TACAGGGGTCTCAGAACTGCCCTTGGTGGAAAAAGATTTTTTC^ 

CAGAGGCCAGGAGGCAGTACGGGCAAGAGTTGATTGAGAT TTTTGTGGAGGGTGAGAGGGGCTTTG 

GTCCTGAGTTCCTGCGGGAAGGGGGACTGTACGAAGAGGCCGTT^ 

CCTTGGGACGCACCGTAGCTAGTGTGGCTCreGTCTGCT 

GOGGGTGGACTGAOGAGGGTATTTTAAGTCTTCTGGTGOOGCCACT 

GAATGATGGCGGAGCAGGTGCGGCAGGGGCTGTGCATCAT^ 

TGCXGTTGOOCAGTGGGTCATOOGGCAGTGGCAGCGGGGOOGGG^ 

AGCGCCCGCGGGAGCAGGAAGAGGAGGAGGAGGACGAGGATGG^ 

TCGAAGGGdOGGATCTGGTTTAGATOGCXJGOOGGCOOT 

GGAGGOGGGGGGGTCTTOCATGGTTAGCTATCAGCAGGTGCrfTC 

<^<^TGCATGAGCGC*ACAGCTT^ 

GGGGGAGATGAIAGOOCAGGACGOCAAGGTGGAGTTGCA 

CCCGATCACCATCCXXZAGCATGT^^ 

TTACACGGAGTACATCftACAXAGAGCOGCCT 

GACTATCAOGGATGTGGTTTTTGATOGGGAGCTAO^ 

GCAC^TCATOCTGCAOGGCTGCAACW 

GGGGGTGGTGCGGGGATGCTACTTTTTOGCCTGCTAC^ 

GCTGACGGTGAACGAGAACAOSTTTGAAAA^ 



GGGGAACAGGATCATGAGCCCTTACAOGTTCAGCGAOGACCOCT 

GAGCGGGATGGTGATGCCCCTGAGCACGGTGCACATCGCTCCC^ 

GTTCCGCAAGAATGTGCTCCTCCGCAGCACCATGT 

CAGCCGCTGCTCCTACAGCTACAGCTC^^ 

GACCTCCTGCTTCGATCAGACCTGTGAGA 

GGAGACGGATAOCTCTCAGCAGTACGCCTGCCT^ 

GCAGATGAAAGTGAGAGACGCGCTGCGGGCCCCCCGGTCrc 

CAGOGATGACGATGACTGAGGATGAGTCACCC^ 

AGTGGGATGGGCTTTGGAXGGGGGAGGGGTGTTCC^ 

AGCOCCACGGGGAAGCTTGTGTGGAGGATGTCTTOOGAGGGT^ 
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FIGURE 1-2 



GCTCGTCTTCCCAGCTGGGCCGGCGTGCGTCAGGGAGTGGCCGGGACGAATGTGAACGGCGGAGTG 
GTGGGCGCCCCTGCCOVGAGCGGGGTGCTGGCCTACTC 

CCGGGGACGGCGGCGACX5GGGTCTGTGTTCCGGGCGGTGTTTCCATCGGTGGATCTGAGCGCGGAG 
GTGGGCATGATGCGGCAGGCGCTGGCGGAGCTGCGGCAGCAGCTGCAGGAGCTGCGGGAGGTGGTG 
GAGATACAGCTGCGGGCCACGGCCTCGGAGGCGGCCGAGGAGGAAGAGGAGGAGGAGATTGTGGTG 
GACGAGGAGGTGGCGCCXJGGCGCTGGAGCGAACACCATGGAAGAGGAGGA 

ACGATGACTGTGGTGGGGGACCCTGAGCCTGCTGGAGTGGAAGCCCAGCCGCCACCACCACCCACC 
CCGGAGAGCGACCCTGCGGTGCCTGCTACTAC^ 

AAGAGGAGCGGTCCATGCGCGGAGGACAACTGACGCGGACTGTGGGGGGAAGAAGGGGGAGGAOT 

AAGAAGACCATGGAGACGGGTGTTTGTCTTTTTCCAG(X(^CTTTATTGAGAATAATAATAAAGC 

TTATGGATGTTTGGAACGATAATAGCGTGTCCAGCGTTCTCT 

CTCGAGGCACCGGTAGACCTGGTGTTGGACGTTGAAATACATGGGCATGACT 

CAGGTAAAGCCACTGGAGGGCTGGGTGCGGGGGGCAGGTGCAGTAGATGATC^ 

CTGGTTGCGGTGGTGGTTGAAAATGTCCTT^ 

GTAGGCATTGATGAACCGGTTGACCTGGGCX^^ 

CTGGATCTTGAGGTTGGAGATGTTGCOOT 

GAGGACGGCGTAGCCGGTGCAGCGGGGGAAGCGGGCGTG<^ 

CTTGGCGACCCCCTTGTGTCCGCCGAGGTCCTCCAT 

GCGGGCGGCGGCGCX3GGOGAAGACGTTGCGTGAGTCAGTGACATCM 

GTCCTGGTAGCTCATCCGGAC&AAGTCTGGCA 

CGGACCGCTGCGGTAGTTGCCCTCXXAGATCTGGGT 

CATGTCC3VCCTGCGGGGTGATGAAGAAAACA^ 

GAGGT TGCGGAGCAGCTGGGACTTGCCGGAGCCGGTGGGACCGTAGATGACAGC^ 

GACCTGGTAGTTGAGGGAGCGGCAGGTGCCAGCCGG 

GTCGCG^GGTTGCGQTTCTCTTGGAO^GGTCCT 

GTGGGAGAGGGAGGCGAAGGCCTTGAGGGGCTTGAGGCCCT 

CTGGTGGAGCACGCGCATGCGCTCCCAGAGCTCGGTTACA^^ 

GTCTGGTTGTTTCTCGGGTTGGGGTf GCTGCGTGAGT^ 

TGGAGGGTCOGGTOCTTCCAGGGCCGGAGGGCCCXK3GTG 

GOGGTCTGGGGCTGCTCGGTGGCC^GGGTOCTCTTGAGGCTGA 

CTTCCGAGCTGCGCGTCGTTCAGGTAGCACTGGCGGAGGAGGTCA^ 

TGGCCCTTGGCGCCGAGCTTGCCGGGGCCGCGGTGOCOGC^^ 

GCGTAGAGCTTGGGGGCGAGCAGGAOOGTCTCGGAGCTGT^ 

TGGGTCTCGCACTOGAOCAGOCAGGTGAGCTGGGGGTTCTG 

TTOCGCTTGAGGCGGTGTTIAOC^ 

CTGTCGGTGTCOCX3GTAGACGGAGCGCAGGGGCCGGTC 

TAGAGGATGAGGGCCCACTCGGAGATGAAGGC^O^^ 

GAGGGGTAGCGGTCGTTGGGCACTAATGGCGAGGCCTGCTC^ 

XCGTCOGOGTCCAGGAAGTGGATTGGTOGCCAGTG^^ 

GGTATAAAAGGCGOGGGCOGGGGTGCGTGGOCGTCAGTTGCTTO^ 

GOGTCTOOGGOGTCT<X30GCTGOGGCTGCATCTGTGGTOOOGGAfiTCT 

ACAAAGTOOGGGGTGAOCTCAGOGC^ 

AGGTCGCCGOGGGCGATGGCTTCGGTGGTGCGGGOGTOC^ 

TTGTCGAGGCGTGTGGOGAAACTGCCX^ 

CTTTGGTTTCTGTCOCGGTCXSGCCTTTTOCTTGG 

AGGCAGCGCCACTCGGGGAAGATGCTGTTGCGC^^ 

TTGTGGAGGGTGAOCAOGTCCACX5GAGGTGGCTACX^TCGCCX^ 

AGGCGGCCGCCCTTGOGGGAGCAGTAGGGGGGCAGGACGTCCA^ 

GCGTCGATGGTGAAGAGGGOGGGCAGGAGGTCGGGGTOGAAGTAGCTC 

AGGCGGTCCTGCCAGOGGCGGGOGGOCAGGGCGCGGTCGAAGGGG 

AAGGGGTGGGTGAGGGOGCTGGCATACATGCCGCAGATGTCATAGAO^ 

AGGCCGATGAAGTTGGGGTAGCAGOGGOCG<XX3CGCAGGCT^ 

GTGGGAGGGCGCGAGGAGGTTCXKKXX^GGTGCGGCGC^ 

TGCTTGAAGATGGCGTGGGAGTTGGAGCTGATGG 

GGAAGGCCGGCCTGOGTGTGGACGAAGGCGCGGTAGGACTCTTGC^ 

GTGACGACGACGTCCTX^XXK^GTAGCGCAGGGTG^ 
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FIGURE 1-3 



CTCTCCTTCTTCCACAGGTCCTTGTTGAGGAGGTACTCCTGATCGCTGTCCCAGTACTTGGCGTGT 

GGGAAGCCGTCCTGATCGCGTAAGTAGTCCCCCGTGCGGTAGAACTOTTTCACGGCATCGTAGGGG 

CAGTGTCCXrTTGTCCACGGCCAGCTCGTAGGCCGCGGCGGCCTTGCGGAGGtTGGTGTGCGTGAGG 

GCGAAGGTGTCCCGGACCATGAACTTGACGTACTGGTGCTGGGGGTCCTCGGGGGCCATGACGCCC 

TCCTCCCAGTCCGCGTAGTCGCGGCGCGGGCGGAAGGCGGGGTTGGGCAGGTTGAAGCTGATGTCA 

TTGAAGAGGATGCGGCCGTTGCGCGGCATGAAGGTGCGG^^ 

CGGCGGTGGGCX3AGCACCTGCGCGGC£AGGACGATCTCAT 

ATGTAGACCTCCAGGAAGAGGGGCGGCCC^GCAGGCGGCGGCGCCGCAGCTGGGCAT^ 

GGGTCCTCGGGGTCGTCCGGCAGGCCGGGGCC^ 

TGGGCCAGCAGGTGCTGCCAGAGGGTGTCGGTGAGGCGGGCCTGC^ 

AAGGCGCGGCCGATGGCGCGCTTCTGCGGGCAGAGCATGTAGAAGGTCT 

GCTGCAGGCGGGCTCTGGACGGCCACCACCTGCAGCGCGGCGTCCA 

AGGTGGAAGACCAGCAGGAAGGGCACGAGCTGCTTTCCGAAG 

AGGTCATAGGTGAGGAAGAGGCGGCGGGTGCCCTCGGGGGAGCCGATGGGGCGGAAGGC 
TGCCACCAGTCGGCCGTCTGGCGCTGAACG^ 

GTGTGGGCGGTCTGGAAGATGCGGCCGCAGTGCTCGCACTTCTGGGCCTCCT 
AGGTGGCAGCGGCCCTGGGTGAAGAGCAGGCGGAGGGGGAAGGGGAGGCGGGGCGGCO 

GGCGGGGGGTCCCAGCGCACGTGGTGraGGT^ 
GGCCCGGCGGCGCGGGCXIAGCTCCACCGCGGTCTGGGGGGTAGCCTGC^ 

CGCAGGAGGTGCAGCTGGAAGAGGTTGGCCAGGGCGCTGTCCCAG 

CAGCTCTCXXX3GTCCTGGGTGGTGCOCT^ 

CGCGTGCCGGCCfCCGCGGCCTCGG^ 

CGGGCGCGTTGAGCTCGGGCAGCGGGAGGTGGTCGCGGCGCAGA^^ 

GGCGGTTGATGTTfcTGGATCTGCGGGTTCCCGGAGAAGA 

AAGAGAGTTCCACGGAATCAATGTCGGCATCG^ 

CCCOGCTGTTTTCGCGGTAGGCGATGTCCTGCATGAACTGCTCGAGCTTO 

OTTGGOOGGCGCX3CTCCAOGGTGGCGGCCAGGTCGACX3CT 

CGTTCTCTO(X3TTCTOGTTOCACROGCX^CTGTA^ 

TGACTACCTGGGCCAGGTTGAGCGCCAC^ 

GCAGGTAGTTGAGGGTGGTGGCGATGTGCTCGCAGAGGAA 

TCAGCTCGTTGATGTCGC«»GGTOT 

GAAAAAACTCGTGCTGGCGGGCCGAGACCGTGAGC^ 

CX^KOTGCOGCAOCTOCTOCTCT 

CTXCCTCTTCTOCCTOmGGGGTGG^ 

GGACGGGGGGOGCAGGOOGGGGAOGGOGOOGGOGCAAGGGCAGOOGGTOCA 

OCTCGOCCOGCATGOGGCGCATCGTC^^ 

AGGCGCCCXXXXXX3VGCGCGGTGCXX3CTGCW 

ICAACTCTCTOGTAGGTAOCTOCTGCTGTTGCA^ 

ACCCGGCGAAGCGTTCGACGAAGGOGTCTAGC^^ 

GGGTCGGGAGCCGGAGGTGCCGGCTGACGAGGAAGT^ 

CGCGCAGGAGGGTGAGGTCTTTGCGGCCG^ 

CCTCCTGCTGGCAGCGGCOGATGTOCTTGAGCTGCT^^ 

GGTCGGCGTCCAGGTGGGTGOGAOCGTAGCCC^^ 

CGCGCTCGGOCSIGGATGGCCTGCT^^ 

ACCXa3TGGTAGGCGCC»GTGTT^ 

GGTAGTGGGGCTGGATGACCTCGGTGTAGCGCA^ 

CGTTGCAGAGGCGCAGGAGGTGCTGGTAGCCCACGAGCAGCT 

GCCAGTGTTOOGTGGOCGGTTGGOGGGGGGAGAGGTTC^ 

TGAAGCGGGACATCCAGGCGATGCCGACGGCG^ 

TOCAAATGTTGOGCAOOSGGOGGAAGAGCT^^ 

AGTCX5AGGGOGCTCTGTCAAAAAGAAO0GGGTGTGGTTGGTTGGT6T6TGGTA 
CTTTCTGATCT1XXWAGTGAA<XXEG0^ 

O0CTATCTGGAGGTGTGTCTCT6TTCICTTTTTTATTTCATGTAGOCATC 
AGATGAAGOOGOOGGOOGGOGO«aGGGaKXK»a 
CGGTGAGGCGGGOGCGCGA<rauraXffl 
GGCAOCX^OGGGTGCAGCTCIUIGOGAGAGGOCATGGAGGCCT 
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GCGAGCGACCGGGGGAGGAGGGGGAGGAGATGAGGGACCTGCGGTTCCGCGCGGGGCGGGAGATGC 

AGCTGGACCGGGAGCGAGTGCTCCAGCXCGAGGACTTTGAGGGGCGCGTGGAGGAGGCGGGGGGAG 

TGAGCGCGGCGCGGGCCCACATGAGCGCGGCCAGCCrGGCCCAGGCCTACGAGCAGACGGTACGCG 

AGGAGGTCAACTTCCAAAAGACCTTCAACAACAACGTGCGCACCCTGGTGA^ 

CCATGGGACTGATGCACCTGTGGGACTTTGTGGAGGCCTTCCTGCAGCACCCCCGGTCCCGCGCGC 

TGACCGCGCAGCTGCTGCTGATCGCGCAGCACT 

TGAGCCTGGGCGCGCCCGAGAGCCGCTGGCTGGTGGACCTGGTGAACCTG 
TGCAGGAGCGGTCCATGAGCCTGAGCGAGAAGGTGGCGGCCATCAACT 

CCAAGCACTACGCGCGCAAGATCTC(^CCTTCTACATGCGCGCGGTGGTGAAGCTGCTGGTGCTGG 
CCGACAACCTGGGCATGTACCGCAACAAGCGGCTGGAGCGCCT 

AGCTCAATGACAAGGAAGCTCATGTTTGGCCTCCGCCGGGCGCTGGCCGGGGAGGGCGAGGAGGAC 

CTGGAGGAGGAGGAGGACCTGGAGGAGGCGGAGGAGGAGGAGCTGGAAAGAGGAGGAGTTCGGTCC 

CCGGGGACCGCGGCGCGTGAGGTGGCAGTCC^ 

ATGGCAACCATCCCCCTTTTTAACAACAACAGGA^ 

GCGGCGGGGGTGAGCGCGGCCTCCCTGGCGCCCGAGC^ 

CTGGACGAGCCTTGGGAGC^GGCTCTGCGGCGCATCATGGCGCT 

TTCGCGAGCCAGCCCCTGGCCAACCGCATCGGGGCCATCCTGGAGGC 

AACXX^GACGCACX^GAAGGTGCTGACCGTGGTGAACXSCGCTGCTGGA 

GACGAGGCCGGCATGGTGTACGATGCGCTGCTGGAGCGGGTCTCCC^ 

CAGACCAACCTGGACCGGCTGTCXXIAGG&CGTGCG 

GCCAACAACCTGGGCAGCCTGGCCGCGCTGAATGCCCT 

CGGGGCCAGGAC^GCTACCTGGGGTTCCTCAGCGCGCTGCGGCTGCTGGTC 

ACGGAGGTGTTCCGCTCGGGGCCGCACACCTTCCTGCA 

AACCTCAACCAGGfccATGGAGAACXrrGCG 

GGGCACCTGTCCTCCCTGCTGACGCCC^ 

GAGGAGATGAACGTCAGCCX5GAGCTCCTACATTGGGC^ 

GOCAACTTGCATGTGGACGAGCGCAOGTACCAGGAGATCACCAGC^ 

GAGGACGACXK3GGCX3CGGCTGCAGGOCAOCCTC^ 

(XXSGCGGCGTATGCCCTGAOCGCCGAGGAGGAG^^ 

CTGTACCTGATGCAGGAO^GGCGAC^GCCACGG 

GCCGTGGCGCCCAACTACrrTATGAATGCC^ 
TTCACCGGOGTGXATGACTTCCCGGAGCAGGACGA 



aXXnXXXXX^GACXX^ 

CGGGCATOCTCCCTGCTCTCTCTGGCCTCTCTG<^^ 

TCGCCGGCCACGOCX3VOCTATGGCTCTCGCTGGG 

GACAGOCTGGAGTGGGAOGOGCTGCTGGOOOCTOCCAAG 

GCCGGCCGCCGCCGCCGCGCCTCCC^ 

CTGTTCAOCTGGCGCAOGCGCGCCCAGGAGATG 

fcAGCCGCGCCmSGGGCOCTCGAAGACGACGA*^^ 

CGCTTCGAAGCGCOOGAGGAAAACCCCTTCC^ 

GCAAAATAAAAAACCCCTXXXXSGTCCAACT^ 

TGAGGAGGATGATGCCAG<W^XCCGCCGCA 

TGGGGTCTTCGCT<^CGGAGCCTCTCT^ 

ACAGCATCCGTTATTCACAGCTCOCGCCGCTCT^ 

AGTOGGOGGATAT0GOCAGTCTGAACTAOCAAAACAAOCACA6TGACTW 

AGAAC^GCGACTTCACGCCCATGGAGGCGAGCACGC^ 

GGGGCGGGGAGTTTAAGAGC&TTCTGACCSlCCAACATCOO^ 

ACAGCTTOCGGGTGCGCCTGATGAGCGCGCGCGATAAA^ 

TCACCCTGAOOCTGOOOGAGGGCAACTTCTOGGAGATOGOGGT^ 

TCGTGGAGWICTAOCTGGOGGTGGGGOGGCAGCAGGGGGTCAAGGAGG 

TOGACAOGOGOUW»TOC3GOCTGGGCT 

CCAACATGGCCTTTCACCOCGACGTGGTGCTGGCAC^^ 

GCCTAAACAACCTGCTGGGCATCOGCAA(X}GCr 
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FIGURE 1-5 



GCACCATCAAGCCCCTGAAGCAGGACAGCAAGGGTCGCAGCTACCACGTGGGCGAGGACCCCGAGG 

CGGGGGACACCTTCACCTACTACCGCAGCTGGTACCTGGCCTACAACTACGGGGACCCGGCCACGG 

GCACCGCCTCCCAGACGCTGCTGGTCTCCCCGGACGTAACCTGCGGAGTGGAGCAGGTCTACTGGA 

GCCTGCCGGACCTGATGCAGGACXCGGTGACCTTCCGGCCCAGCCAGACGCCGAGCAACTACCCGG 

TGGTAGCCACGGAGCTACTGCX^GCTGCGCTCCCGGGCCT^ 

AGCTCCTGCAGCAGGCCACCAACAACA^ 

TGCGCCCGCCAGAGTCCACCATCACCTCCATCAGCGAGAACGTGCCCTCGCTGACGGACCACGGCA 
CGCTGCCGCTGCGTAACAGCATCCCCGGGGTGCAGCGGGTAACCGTCACCGACGCGCGGCGCCGCG 
TGTGTCXCTATGTGTACAAGAGTCTCGGGGTGGTGACC^ 

AACCGACAGCCCTACCCGTC^CAGGGGAGACAGAGAAAAGACAGCCAGCCCCGCCATGGCCATCCT 
CGTCTCGCCCAGCAACAACTTTGGCTGGGGACTGGGC^ 

cctgtccooggatcacoocgtgatcgtcogacgocactacxxsggc^ 

acgcgtggcxxccagcaocatagcgacaacggatgacoctgtg 

cggcgc^oxgccgccggoxxxxcm 

cgtcao:ggggacccggtggccgatctggtcmcgcgct 

gcggcgccgttcttosa^tgcagac^ 

agcggtcgcgcgccggaggcggagcacccggcggcggcgcaggcgctccg^ 

ggtgcgccgcagccgccgcctccgcaaaaxaot 

gcctccogtgggtgaacaagtcxatccatccat^ 

ctttgcgttgcgccccagttgagccggca 

aaaaggagctgc^gcaggcgttggcgcccgaggtgtacggggcgcct 

tcaaagaggagtccaaagctgacxttaaaccgctgaagaag 

gcgac^gcgacgaggtgctggtgctgggcacxscgcc^ 

gcgcccacctacc&xxxotgcc^^ 

agcgctctgcggacgagttgtatgcggacacgga<^tcctgca 

aatttgcttatggcaagagagcccggcggcagoggcgggcc^ 

gcggocggaccaccaagogctcttatgacgaggtc^ 

GATOCXSGGGACX^CTOCAATGAGTTCnX^ 

OCGTQCOGGCTGTGGOC^TOOOGCT^^ 

CXX^GOOCATGOCXXrrGGTGTOOOCTa^ 

CCGCCTCACTGGTCXXX^CCGT^^ 

AGCCGCCXXX^X^tX»CCCAO^^ 



AGCGGGOGGOGGOOGOOGTGOOOCTGOCAOOGGACAOGGftG 

TGGCXXWXXXXnACAl^ 

TCCXX2GCGCTGATGGGC&CCGAGCGGGTGCCGGT 

CCGTGCTCOGGGCX*CCAC»a^^ 

ACATOXX3GCCAGGCAGCCCXXX^^ 

CGGTCGCCTQCGTQCCX^ 

CCGTGGGGGTGGGCACCGAGCCGGTGGTGCAG^ 

AGCACCATCGGGGTGCAGACCATCGACXTCA^^ 

AACACGCCCXXGCTGAGGAGCGCCTCGGTGG 

GTGCAGGTGGCTTTOCAACX3UX5GTGCTA 

TGGTGCCCCCCACCXXXXXXXSC^^ 

TCCCCCAGCCCCT<X^GCCCeG^ 

CGAGGCGCXXX^TCGTGCTGCCCGGGGTGCGCT 

AAOGCGTCATCTGGOGTTGATTTATTTTTGGftGAOCTGACTGTGM 

CCTOCTCCTCCTCTGCTGAAGCCAGA 

GAGACOSAGACTCCGCGGTGGGTTCCGCGTGGC^ 

CCGGGGGCOGATGAGGGGTGGCATCCTGCCGGOGCTGGTG 

CATCCCOXXyVTCGCCTCGGTGGC^ 

TGTGTCTTCeATGTGCCTTCCTTOCTTC^ 

CTAAGCTTTTOCGOGTTGGCTOCAOGCTTTGGCACGCGG^ 

GGGA0GAGTCAGATGAAC6GCGG0GCGCTGAGCTGGAGCAATATCT6 
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FIGURE 1-6 



GGTAGTTCTCTGGCCTCCACGGCCAACAAGGCCTGGAACAGCGGGACGGTGACGAGCGTGCGCAAC 

AAGTTGAAGGATGCCGACGTGCAGGGGAAGATAGGTGAGGTCATTGCCTCCGGGGTCCACGGTGCC 

CTGGACGTGGCCAACCAGGCCGTCTCCCACGCCGTGGACCGC^ 

AGCAGCAGCTCCTCCGCCAGCAGCAGCAACAGATGGGCCTCGTGGAACCCT 

CAGACC^GCTGCCTCCTCCCCCCGAGGACCTCTTGCCTCCTCCTCCTCCTCCGCCGCCTGCCTCGG 

CCACTCCCGCGCGCCAATCCCGCGGGA^^^ 

TCCGCTCCGACGAGCCCCCTCCCTATGAAGAGCTGTATCCCGACAAGGCCGGGATCCCCGCCACCT 
TGGAGCTGCGTCCCXIAGACXAAACTGCCCGCCGT^ 

TCACCACCACCACCTCCTCCGCTGCCGCCGCCGCCCCCGCCCCGGCCCCCGCGGCTCCTGT 

GGCGTCCGGCCGCGGCTCCGGCCGCGGCTCCGGCGAGTTCCAAAGGCCtXCCAGGTGGGGGTCCGC 

GCGCGCGGGTGGCAAAAOUUVCTCAACACCATTGTGGGACTGGGTC 

CGTTGTTACTGAGAGAGACAGCATGGAGAAACAACAATGTCTGGATT 

TCTTC<^CGGTGCTO*3CGCTGTGT^^ 

GCGCCACGGGGAATTCCGCAGGATGGCGACGCCGTCX^TGAT 

CTCCGGGCAGGACGCGTCCGAGTACCTGTCTCCCGGGCTGCT 

CTACTTTAACCTGAACAACAAGTTTAGGAACCCCACCGTCG<^^ 

GCGCTCGCAGCGGCTGCAGCTGCGCTTCX3TCCCCX3T 

GACCCGCTTCCAGCTGGCGGTGGGCGACAACCGCGTG^ 

C(XX3GGAACGCTGGACCGGGGACCCTCCTTCAAACCGTA^ 

TCCCAAGAGCGCTCCCAAC^ACTGTCAATATCT^ 

TAATACCATTGCTCAAGCAAGTTTTGTGGGTCCTATTGATGAAACCACGGGA 

AGAAGAAGAAGAOaAAGAGACCACCATCGATCCTTTG 

CTCGTGGTCAGACAATATACCTTCTGCGAC^^ 

GCGTCAACCTTGTfTACGGTTCTTATGCCTCTCCGACAAAT^ 

CAAGGTTACACCATTGTACTTTAOVAA^ 

ATTAAAGCCAAATGTCA(XCTATACTCAGAGGATGTTGACCTAA 

CTATGCTGTGAATCAAACCXIAGGAATTCX3CTCAATATC 

GG<XAATTACATCGGCTTCAGGGACAACTTTATCGGGCTCT 

GGGCATGCTAGCCGGTCAGGCCXCTCAGCTCAACGCGGTGGTCG 

AACTAGCTACCAGCTCTTCCTCGATAGCCTCTATGACAGGTC^ 

GGCCATCGATTCTTATGACAAGGATGTGCGTGTGCTGG 

CAACTTTTGCTTTCCCATCGGOGC^ 

GAATGGTGGCTCAAGAGCCACAAOCTGGACAAAGGAGAATG 

GCACTACCTGGGCATCGGCAACCTCA^ 

CTTCCTCTACAGCAACGTGGCGCTGTAOCTGCCTGACA 

CATCGA(XCCAACACGCACTCCT^^ 

TAOCTTTGTCAACATCGGGGCGCGCT^^ 

CCACCGCAACTACGGCCT^ 

CATXX2AGGTG<X5GCAAAAGTTCTTTGOOCTCAAGAG 

CTAOGAGTGGTCCTTCCGCAAGGACGTCAACAT^ 

CGOGGAOGGGGOCAAAAXCAAC&rCGAGAGCGT^ 

CAACACCGCCTCCACCCTGGAGGOC^^ 

CCTCTCCTCCGCCAACAX<^ 

CAGCCGCAACTGGGCCGCCCTCCGCGGCTGGAGC^^ 

(X^raCTCGCCCTTCGA^ 

CTAOCTGGGOCACAOC1TOOGOOG»TCAG» 

TGACCX?CCTGCTCACTCCCAACX^GTTCGAGGTCA^ 

GGCOCAGACCAACATGAOCAAACaCTGGTTOCT^ 

CCAGGGATACCACCTGCCAGAGGGCTACCGCGACCGCACCTACT 

CATGTGCCGCCAGGTGOCOGACTAGGCEAACCAGAAA^ 

CCAGTTCAACAGCAGCGGCTllCTATCCGC^ 

CCCCGCCAACTGG<XCTAOOOGCTCATCGGCGAAGACGCCGTG 

CCTCTGCGACCGCACGCTCTGGCGCATCCCCTTCTCCTCC^ 

CGACCTGGGCCAGAACCTOCTCTAOGOCAACTCGGOCCACGCC^ 

CGCCATGGATGAACXXAOOCTCTTGTATGTTCTGT 

GCCGCAOX^GGCGTCATCGAGGCCGTCTACCT^ 
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FIGURE 1-7 



ctaaggcggagccgcgcaggcatgggcagcaccgaggacgagctccgagccatggcgcgcgacctc 
cagctgccccgcttcctgggcacctttgacaagtccttcccgggcttcttgcaagagtcccagcgc 
tgctgcgccatcgtcaacacggccgcccgccacaccggaggccgccactggctggccgtcgcctgg 
gagcccgcctcgcgcaccttctacttctttgaccccttcggcttctccgaccgggagctcgcccag 
gtctatgactttgagtacc^gcgcctgctgcgcaagagcgccatccagagcaccccggaccgctgc 
ctcacgctcgtcaagagcacccagagcgtgcagggaccgcacagcgccgcctgcggactcttct^ 
ctcctcttcctcgccgcctttgcccgctaccccgacagccccatggcctacaatcccgtcatggac 
ctggtggagggcgtggacaacgagcggctcttcgacgccgacgtc(^gccx^tcttccgcgccaac 
caggaggcctgctacgcgttcctcgctcgccactccgcctact 

atggaacagacacacctgcacaaagcgctcgatatgcaat aaaggctt ttt attg t aagtcaaaaa 

ggcctcttttatcctccgtcgcctgggggtgtatgtagatggggggactaggtgaacccggacccg 

ccgtcggctcccctccatcccctcttctctcaaaacaggctctcatc^ 

gggaagatggtgttctgcacxn'ggaactggggcccccact tgaactcgggcaccg tcagtggaggc 

cgcgtctgcatcagggcggccxiacatctgtttggtcagct 

ctgatcttgaaatcacaattcttctgggggttg<x)gcgogacccgogct 

tggaacaccagcaccgcggggtgggtcaoot^ 

ttcagcgccgccgacccgctcagcgcgaagggggtgatcttgca 

acctggcggcagccccagccgcagtcgcacac^ 

atccgggggtagcagg<xn , tctggaaagccttgagctgctcgaaggcct 

tccgagtagaagaggccgcaggaccgcgccgagaaggtgtc^ 

caacac^tggccc9gtcgttgcgcagct<^ 

gcgcgctcgggggtctcgcgcagggcgcgctgcccgttctto 

tgctccttgttgatcatgggcagcccgtgcaggcagtgcagc^ 

cagatc^cgcacc6gcagggct^ 

AGCAGGAAGCGGGCCATCACTGTCAGCAGGCTCTTTTGOGTGCTG^ 

TTGCGCTCGTTCAGCCAGGCTTGGGCCCCGCGCCGGAAGCACT 

AGCGTCAGGCCXTTTGACATOCAC^^ 

TGCCACTTCTGCTCCTGAGCATa^ 

GGGCGCGGGGGGCGGGCCCCCTCCTCTTOT 

CTCGCCGCTGCCGTCTCTTCAGOCTCX3TOCT 

(XXrmX^XX^CKXTGG^ 

GTOGOGACAGGAGOGTOGTOCACAATCAGCACXXXX^TCTTO 

GAATAGCGGCGACTCATTTTGCTTCCCCTAG 

GTCCTCCGCGGCCCCGACCCTTCCGC^^ 

TTCACTGCAGCAGOGGCAGCAGGAGOOCAOOGAAAOOG^ 

CTCCTCGTCCTCCGCCTCCAGC^ 

CGCGGACAOjGTGCTCCOCTOOGAGOOC^ 

CCGCTACATGGACGCX^CX^rGCTGCAGC^ 

CCTXX3U3GAGGOCGCXX^ 

CCGCXXKX^GGAAGCGGCCCTCTTCTCC^^ 

CG(XXX3GGACOOCraXX^CAACTTOT 

CCTCTTCTTCCACAACCAAAAGATOC^ 

CTGGCGGCTGOCCAGTGGGACCCCCraACC^ 



AGTCGAGCTCAAGCTGGAOUICCCCC^^ 

OGCCTAOCX^GGCOCTGGCGCTGCCACCC^ 

CCGCGCGAGCCCACTCCCCGAC^ 

GCAGCTGGOCCGCTGGATGCACAOCTOGGAOOOCAAGGTOC^^ 

CGCCXjOCTGCATGGTCACGGTGCAGCTCCACTGCATGGACAOCT^ 

GCGOOGOCTOGGAG^GCXrrCCACTACAT^^ 

CGCCAATATGGAACTCTCTAACCTGGTCTC 

GCACGTGCTCC*CCACACCCTCAAG<^^ 

ATACCTGCHCTATAOCTG^^ 

TATOGOGOW»3ACXnXXX?OGOGTl^^ 
OOOCX^CTTTGOCAGCCAGAGCATGATGCATGOCT 
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FIGURE 1-8 



CCTGCCCGCCGTCTGCAACGCGCTCCCCTCTGACTTTGTGCCCACCGTCTACCGCGAGTGCCCGCC 
GCCCCTCTGGGCTCACTGCTACCTCCTGCGCCTCGCCAACTTCCTCATGTACCACTGCGACCTCGC 
CGAGGACACCTCCGGCGAGGGCCTCTTTGAGTGCTACTGCCGCTGCAACCTCTGCGCACCGCACCG 
CTGCCTCGCCACCAACACCGCCCTCCTCAACGAGGTGCAAGCCATCAACACCTTTGAGCTCCAGCG 
GCCCCCC^GCCCGACGGCACCCTC^ 

CTTCCTCCGCCACTTTGTCTCCGAGGACTACCACTCGGACCGCATCCTCTTCTACGAGGACGTGTC 

CCGCCCCCCCAGGGTGGAGCCCTCCGCCTGCGTCATCACGCACTCGGCC^TTCTCGCGC^ATTGCA 

TGACATCAAAAAGGCCAGGGAAGAGTTTTTGCTGACCAAAGGCCACGGCGTCTACCTAGACCCCCA 

CACCGGAGAGGAGCTC^CACOSCCGCCrc^ 

CCATCCGCAGCAGCACCAGCACCAGCAGCAGrc 

CGCAGACCGTGTCCGAAGCGAGCTCCACGCCTACGGCGGTGCXyVCCGGTTCCTCCCGCGACCCTGT 

CTCTGGCGGATGCTCTGCCAGAGGAACCCACTCCCGCGATGCTGCTCGA^ 

GCGAGACCAGCGGCAGCTCCGAAGGCAGTTTGCTCAGTACCCTCGAGGAACTG 

AACCGGTC^CACCGACGAGGCCATCCAAGCCCTCCTACACC^ 

GCCAGCGCAGGAACTCCGTCGTOXC^GCGAGGCTCGTAGATGGAATC^ 

GTAGCCAGCCAGGTAGGACACCTOCGCCX^ 

ACATCCTCTCGGCCCTGGAGTACTGCGCCGGAGACGGAGCCT^ 

ACCACAACATCAACATCCCTTCCAAGATCATCCGTTACTACAAATCCTCTTCCCOT 

TCCAGGAAGGCCGCAGCAGCGGCGGGAGCAGAACCAGCCCAC^ 

TTCCCCACGCTGTACGCCATCTrC^ 

CGCACCCTGCGCTjpCCTCACCAAGAGCTGTCT 

CTCTCGGACGCAGAAGCTCTCTTCGAGAAGTACTGCGCTCGGC^ 

AGGAGCGGACCCTGCGTGCGGACACA(XATGAGCAAACAAATCC^ 

T(^GCCACAATCTfeGGCGTGCCGCCGGTGCCTCCGTC^ 

TG<XX3GGCCTTCCATCATTGGCCAGGTCAATGAC^ 

CCAGGCCCTTATCACCGAGACGCCACGCCXX^ 

GCCTCAGATGACX5CAACCGCCCACCCACCT 

GACTGACGCCGGCATGCAATTAGCCGGGGGCGGAGCCCTC^ 



CGGCATCTTCCAGCTCGGAGGCG^ 

GCAGAACTOCAGCT(XXrraCOCOGCAGC« 

GCCCACGGTCTACATCAAOCXXrrTCn^ 

CTACAAC^TCCTAAOGGACTCTGTAGCAGGCT 

GGGAGCTCCTCGACCAGCAOCGOOGC^^ 

ACCCGGAGTACTTTTGCATCACCCGCGAGCACTTT^ 

AAGGO^CGGTCTGCCXnTC^GCCTCCC^ 

GCAOCZVTOCTCACTTOGTACTACTGC^^ 

GGCTCTGGGGACGATGAAGATTATGAATATGAG^^ 

GGCAGCATAGTCATCAACAAOCAGATOGGGOO^ 

ATGCAGTTTGTCT I CTTTGCX^TCATCATO 

GCCACCGCCCTCATC(nXX3^^ 

(XX^OOGTTGTGGTTACTCOCOC^^ 

ATGGTGTTCTACTACAOCACCTOOGTCTTCATGOOCTGG^ 

TGCTCCGCCTGGCCAACTGGATAGTGGATCAGATGCCCA 

CGCCCCTCACttttTGTG^ 

ACGTACAGATGAAGTAGCTCCCCCTCTTTCC^ 

TACCTGAGTTCATCCACACTCGGTCTGCCAGTGCAGTCT^ 

TAGCGCAGOOGOGCAOGOCTCGCCAGGTGACGAAACTGT<X3A^ 

AGCAGCAOOOOGTTATAGACCAGTTOCACCATGGGACXX3AAGAAGCAGW 

GACTIXX^TCCAGTCTACCCCTA^ 

GACGGATTCAACCAATCCGTGGACGGGGTGCTCTCCCTG^ 

GCCACCGAGGGCTCGGGGCTAACCyVOCAACOOGGATGGCAA!^^ 
AT(»OCCTGACCGCCGAGG<^TCtfCCCT^ 
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FIGURE 1-9 



CTCAGTCTGCAAGTCACAGCTCCCCTGCAGTTCCAGGGCAACGCCCTCACTCTTCCCCTCGCCGCC 

GGTCTCCAAAACACCGATGGTGGAATGGGTGTCAAACTGGGGAGCGGTCTCACCACGGACAACAGT 

CAGGCGGTGACCGTTCAGGTGGGAAATGGACTTCAGCTGAACGGCGAAGGACAACTCACCGTCCCC 

GCCACGGCCCCTTTAGTCTCAGGGAGCGCAGGCATCTCTTTCAACTACTCCAGCAATGACTTCGTC 

TTAGACAATGACAGTCTCAGTTTGAGGCCAAAGGCCATCTCTGTCACCCCTCCGCTGCAGTCCACA 

GAGGACACAATCTCCCTGAATTATTCTAACGACTTTTCTGTGGACAATGGCGCCCTCACCTTGGCT 

CCAACTTTCAAACCCTACACGCTGTGGACTGGCGCCTCACCCACAGCAAATGTCATTCTAACAAAC 

ACCACCACTCCCAACGGCACCTTTTTCCTATGCCTGACACGTGTGGGTGGGTTAGTTTTGGGTTCC 

TTTGCCCTGAAATCATCCATCGACCTTACTAGTATGACCAAAAAGGTCAATTTTATTTTTGATGGG 

GCAGGTCGGCTTCAGTCAGACTCCACTTATAAAGGGAGATTTGGATTTAGATCCAACGACAGCGTA 

ATTGAACCCACAGCCGCAGGACTCAGTCCAGCCTGGTTAATGCCAAGCACCTTTATTTATCCACGC 

AACACCTCCGGTTCTTCCCTAACATCATTTGTATACATTAATCAGACATATGTGCATGTGGACATC 

AAGGTAAACACACTCTCTACAAACGGATATAGCCTAGAATTTAACTTTCAAAACATGAGCTTCTCC 

GCCCCCTTCTCCACCTCCTACGGGACCTTCTGCTAC^ 

C^CGGCCCCTTTAGTCTCAGGGAGCGCAGGCATCTCTT 

AGACAATGACAGTCTCAGTTTGAGGCCAAAGGCCATCTCTGTCACCCCTCCGCT 

GGACACAATCTCCCTGAATTATTCTAACGACTTTTCTGTGGACAATGGCGCCCTCACCTTGGCTCC 

AACT TTCAAACCCTACACGCTGTGGACTGGCGCCTCACCCACAGCAAAT GTCAT TCT AACAAACAC 

CACCACTCCCAACGGCACCTTTTTCCTATGCCTGACACGTGTGGGTGGGTTAGTTTTGGGTTCCTT 

TGCCCTGAAATCATCCATCGACCTTACTAGT ATGACCAAAAAGGTCAATTTT AT T TTTGATGGGGC 

AGGTCGGCTTCAGTX^GACTCCACTTATAAAG^ 

TGAACCCACAGCCGCAGGACTCAGTCC^ 

CACCTCCGGTTCTTCCCTAACA^ 

GGTAAACACACTCTCTACAAACGGATATAGOCTAGAATTT 

COCCTTCTOCAOCTOCTAOGGGAOCTTCTGCTAOGTGOOOCAGAG 

CAGCCGGCCTOXXXrrTCCC^GGC^ 

CTCCCGCCGCTTGTGCAGCACCA<X^ 

AGGAAGACACATCCTC^GCTCX^TGGGGGCGTCCAACAACT 

(^GAGAATVATCCAAGTTCATATGATTTTTCTTTTATTGATTCGGG 

GCATAATCACAAAAATCACATC^GaiGGTACACACCT^ 

CTX^GCTTCTGGAACAGACATCAGAAATATTTAATCTGCTGGTAGCT 

ATACACTCCTGGAGGGCCCTCTGCCTCTCCTCCTCCCGCTCCG 

TCXXXXrrOCGTGAACTGCTGCTT^^ 

AGCCAGTGCCGCAAGCGCTGGGOGCAGCGCCX^ 

CACACCAGCACTATGTAATTGGCATAGTCCCCGT^ 

CGCAACAGCHTCAGATCACAGTCATAGATGATCTTT^ 

ACACTGCCXttCGTACATCACGC^ 

ATGCGATTGTACTCGCAGCCCCGGATGATCTCGCGC^ 

CGGCSUnXX^GACTGGACXnTTTCAGA 

CGTCTCCGGGCTGAAACATATCTGCT^ 

OCATTCTTGATGGGAAAGGATGTAGOGOCAGGGGAOC^ 

C^CGGCCCGGCTGTTGOGCAC^GCCCO^ 

ACAGC(^COCACGTCTCATAGCAAGTC^ 

GCTGOOGCTGOGOCAOCAGCTOCATOGGCTOCTOCATOC^^ 

GCCTCCTCCTCCTCCTK3CCOT 

TTGGCCACCGCAOX^GAGAGAACATGGAGCGCAGGGG 

AACTCOOOCAGCAGGTACTCATAGAGATGCTOCTCXAAATOCACXX 

TCTTCCX5TTa^^CCGCCCACG^ 

ACGCGCT<^TGTOGCTG<^GTACACCCX^CCX5G^ 

AGACACCTCACAGAGATGCCAGOCTGAGCCAGCTTCTCATAGAGAGGTGGC^ 

AAGCAGCGAGOGGCTAGGCACTOCCCGCCOCCTTGG^ 

CTCTACATCCGGGGTCCTGGCCACCTCACAAACTATCT 

GTAAGGATGAT6TOCX3TTGTTGOGAATGAGAATGCTCAGAGOTQA 

GTCCCCAAAGGTCCAAAGGTCOCAGTTAGAAGTCAGGTGCTTOA^ 

ACCAGTGGGAAAAG<XAGCAAGAGATCCGTGGGCACATGC^ 

CCACTCCGAGGOGTAGACCOTGTAAGCTACACACCCCGOT 
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FIGURE 1-10 



GCTCAGCCGAAAGAACTTCAGGGTGGCCTGCATATCCTCTTTTACTCACTTGTTAGCAGCTCCACA 

CAGACCAGGGTTGTGTTGGCGGGAATAGGCAGCAGGGGTACGTCCCCAGTGAGGGACACCTGGATG 

GGGGGCAGAGGATTGATGCCAGGAAGCAGCAGGTACTGGGAAACAGAGACCAGATCCCTCCTCTGA 

AAAATCTCGCTCAGTCGGACAAACACAGO\AACCCAGTGGGCACGTAGACTAGCACATTAAAAAGG 

ATC^CGCTGGGCTGTTCTGACGTCAGCACCAGATGTCGGGACGTGCGCAGATGAATGCGGTTCTGA 

TGAATTACCGGAGGCCTCTCACCCGCAGCCAACAGCAGACCGGGCTGCTGATGCGGTCCCGCAGAC 

ATATATGAGTTCAATGTGTGTCTTTTTTCTAAACGTCTAGTGAGTGTGCTCGTCCTGCTCCTGCCA 

ATCAAAATCCGGG<^CCAGGGCTGGTGGTTGGACCCGATGAAGAAGCGAGGAGAGGCGGCCTCCTG 

AGTGTGAAGAGTGTCCCGATCCTGCCACGCGAGGTAGGCGAAGTACAGATAGAGCACGGCGAGAAC 

AGTC^GCACCGCGGCCAGCAGCAGTCGGTCGTGGGCCATGAGAGGGGGCTGATGGGAAGJVTGGCCG 

GTGACTCCTCTCGCCCCGCTTTCGGTTTCTCCTCGTCTCGCTCrCAGTGTCTCTCTCT 

GCCGAGACGAGTGTGAGCGAACACCGCGAGCGGGCCGGTGATATACC^ 

CCTGCGGTCGGTTAATCAGTACCCCATCGTCCGATCGGAATTCCCCCGCCTCCGCGTTAACGATTA 

ACCCGCCX^GAAGTCCCGGGAATTCCCGCCAGCCGGCTCCGCCGCGACCTGCGACTTTGACCCCGC 

CCCTCGGACTTTGACCGTTCCCACGCCACGTCATTTTCCCACGCGACGTCACGTTCCCACGCTACG 

TCACACCCCTCTCCACCAATC^CCGCCC^ 

AAGGGGCAATAAAAGTGTGCGGTATATTATTGATGATG 
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FIGURE 12C 
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FIGURE 14 
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FIGURES 15A- 15B 



Growth curve of PAV-3 wt and 
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FIGURE 23 
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FIGURE 25 
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